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Visionary 


binoculars & telescopes 





Eyeshields available 
EYESHIELDS fit comfortably around the eyes blocking out all 


distracting light and wind, enveloping the eyes in total darkness 
and complete comfort. It's a "WOW!" experience.from only £14.99 


aa CAL Visionary binoculars and telescopes are manufactured and distributed by Optical Hardware Ltd and are available from your local stockist, Fi is we mn 
—— a For more information, and to find your nearest Viesonary stockist visit www.oplicalhardware.co.uk/stockists saa 
All models and offers are subject to availability. Prices and specificalons are subject to change without notica’ EAO.E. ‘Your statutory rights are not effected. wevrw. facabook. com/onticalhardware 
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What if a 
universe existed 
where time runs 
backwards? 
» That's what 
: astrophysicists at 
the Californian Institute of Technology 
(Caltech) have been investigating, 
where some 14 billion years ago the 
Big Bang could have given rise to a 
second cosmos where everything runs 
in the opposite direction - a kind of 
mirror universe. 

Of course, if we're looking at this 
opposing universe, we would see 
the future running to the past and it 
would appear that time was moving 
backwards rather than forwards. But 
could we have found evidence for 
such a multiverse? Turn to page 16 
to find out if the cosmic microwave 
background - that's the relic radiation 
left over from the birth of the cosmos 
- has been giving away some telltale 
signs to cosmologists. 





Elsewhere in the issue, NASA has 
unveiled more details of their new, 
ambitious mission to ‘touch’ the Sun, 
we feature the alien life we should be 
looking for (it’s nothing like the life 
forms we see here on Earth) and find 
out more about the hunt for Planet 
Nine, which could have possibly 
turned up evidence for a Mars-sized 
Planet Ten. 

Wherever you are in the world, 
we've made sure that you can enjoy 
the Great American Eclipse this 
year - turn to page 80 to find what 
you can see, whether youre watching 
the event from the States, observing a 
partial or enjoying it at home via 
your computer. 

I'll see you again on 14 September! 


Cela 


Editor 


& Online 





NASA's adventurous new 
mission will get closer to the 
Sun than ever before 





“The solar probe is going to a 
region of space that has never 
been explored before" 
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Have we found more 
evidence for another 
planet in our Solar 
System? Abigail has the 
™) details on Planet Nine and 
== apossible Planet Ten. 
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What if life forms existed 
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Russ Swan 


NASA will be launching 
its most ambitious 
spacecraft to date - a 
mission to touch the Sun. 
Russ spoke to the team to 
find out more. 


Jamie Carter 


If you're heading over to 
America to observe the 
total solar eclipse - or 
even if you're not - Jamie 
provides the details on 
how to get the best views 
and what to expect. 





The Moon could 

be a large source 
of water, dark matter is 
cold and heavy, rather 
than light and fuzzy, and 
Hubble, Cassini and Juno 
return more stunning 
images of the planets 


FEATURES 


Mirror universe 


All About Space uncovers whether 
there could be a cosmos where time 
runs backwards 


Mission to touch 
the Sun 


The Parker Solar Probe will be one of 
NASA's most daring missions in a bid 
to investigate the Sun's atmosphere 


First teleported 
particle into 
space 

Scientists in China have managed to 
‘beam’ an object into space 


Have we found 
Planet Nine? 


Recent research has turned up 
evidence that could either make or 
break the existence of a Planet Nine 
or even a Planet Ten 
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“The most stable scenario is one involving 
not just one new planet, but two, or 
potentially more, lurking beyond Pluto." 


3 6 Konstantin Batygin 
California Institute of Technology 
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with a gravitational ~ . 
trick of the light 


Combining the power of the ‘natural lens’ that is gravitational 
lensing, astronomers using the Hubble Space Telescope have 
made an impressive discovery: the very first example of a : 
compact, yet massive, fast-spinning, disc-shaped galaxy that 
ceased making stars only a few billion years after the Big Bang, 
the event that kick-started the birth of our universe. 

In this image, this extremely massive foreground galaxy 
cluster MACS J2129-0741 magnifies, brightens and distorts Ps 
the distant background galaxy, MACS 2129-1 in the upper- 
right corner of this shot. The finding challenges our current % 
understanding of how massive galaxies form and evolve and is i 
the first direct evidence for so-called ‘dead’ galaxies, where star n 
formation has stopped. * 
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© NASA, ESA, M. Postman (STScI), and the CLASH team 
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Juno also achieved its first Oo close-up of Jupiter's : 

trademark Great Red Spot Cee Aas its seventh 1 ae 
approach. The spacecraft was about 9,866 kilometres (6,130, 
miles) from the tops of the clouds of the planet. 
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Colour view of 
mountainous Mars 


The Libya Montes highlands in the equatorial region of the 
Red Planet, and at the boundary between the southern 
highlands and northern lowlands, can be seen in this 
image snapped by the European Space Agency's Mars 





Express spacecraft, using its impressive High Resolution 
Stereo Camera (HRSC). 

Libya Montes was supposedly up-lifted by the giant 
impact that created the Isidis basin, which was likely to be 
the last major basin to be formed on Mars, to the north. 





Double eruptions 
from the 
SO) I mci BLN res 


A solar flare and coronal mass ejection spewed from 
the surface of the Sun from the same area of activity in 
mid-July, lasting for almost two hours. Coils arch over 
the active region, made up of particles spiralling along 
magnetic field lines that were reorganising themselves 
after the fields were disrupted by the blast. 

Solar flares are giant explosions on the surface 
of the Sun that propel energy, light and high-speed 
particles into space. They are often associated with 
magnetic storms on the solar surface, Known as 
coronal mass ejections. 





© NASA/GSFC/Solar Dynamics Observatory 
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Betelgeuse snapped 
from the ground 


This orange blob is nearby red supergiant Betelgeuse as imaged 
for the first time by the Atacama Large Millimeter/submillimeter 
Array (ALMA), an interferometer of radio telescopes in the 
Atacama desert of northern Chile. This image is the highest- 
resolution picture of Betelgeuse available. 

One of the largest known stars, the supergiant star is about 
1,400 times larger than the Sun and 600 light years away in 
the constellation of Orion (The Hunter). The red supergiant 
burns brightly, which causes it to have a short life expectancy 
- at just about eight million years old, the star is already on the 
verge of becoming supernova. 


10 











A new day 
on Saturn 


Light illuminating Saturn's wavy cloud 
patterns and the vast rings marks a new 
day at the ringed planet. This sunlight, 
which has travelled for about 80 
minutes, is quite feeble compared to 
the light Earth receives - it's 100 times 
weaker since the ringed giant is about 
cca m elon ScM ie la tata) mice lei ReleL ma lcr-l Ros 
star. However, compared to the deep 
blackness of space, Saturn is still bright 
in the sunlight, be it direct or reflected. 
Captured by the Cassini spacecraft, 
the view looks towards the sunlit side 
of the rings from about 10 degrees 
above their plane, and at a distance of 
approximately 1.23 million kilometres 
(762,000 miles) from the gas giant. 
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© NASA/JPL-Caltech/Space Science Institute 
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Moon suspected 


o hold water 


Evidence of liquid deep 
within our natural 

»  Satellite’s interior could aid 
Wincor mori 
. of the lunar surface 





Although ice exists at the Moon's 
poles, scientists have long thought 
our natural satellite to be generally 
dry. New research, however, suggests 
that large amounts of water could be 
trapped beneath the lunar surface. If 


Eo this is the case, then it not only aids 
w x N future Moon missions and potential 
, wi as, ' re colonisation, it raises the possibility of 
A~ “ e)enlew esse mevm-lNemOeCom Koc) lennelomUslKcs 
a ; : : : 
rae yf To reach their conclusion, scientists 
oo ee at Brown University in Providence, 
” Rhode Island, USA, studied lunar 


Dark matter likely to be cold and heavy 


The new finding casts doubt on the consensus that the mysterious substance is light and fuzzy 
eh i Sa hee tee ean 69 


The idea that dark matter is cold has 
been lent credence by a new study, 
casting fresh doubt on a relatively 
new theory claiming it to be ‘fuzzy’. 
An international team of cosmologists 
studied data from the vast, near-empty 
space between galaxies. By labelling 
dark matter as ‘cold; they are backing 
a theory dating back to the 1980s. 

Cold dark matter suggests the dark 
matter molecules are heavy and sit 
still - much like water molecules 
frozen in ice. Rather than whizz 
around near the speed of light, they 
are thought to be pulled together by 
gravity, creating lumps. This helps to 
explain why galaxies tend to cluster in 
larger groups, for instance, but it is far 
from perfect. It fails, for example, 
to explain why we have just a few 
dozen small, close neighbours rather 
than hundreds. 

The fuzzy dark matter theory 
emerged to help explain such 
deficiencies, raising the possibility 
that dark matter is an ultralight 
particle. Faced with competing 
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theories, scientists involved in the 
new study used a supercomputer at 
the University of Cambridge to look at 
the relatively new observations of the 
intergalactic medium, which largely 
consists of dark matter, hydrogen gas 
and a small amount of helium. 

Given hydrogen absorbs light from 
bright, distant objects, they studied 
how this empty space interacts with 
light emitted by quasars - the massive 
but distant star-like objects. They 
concluded fuzzy dark matter particles 
would be too light to account for the 
hydrogen absorption patterns in the 
intergalactic medium, and that heavier 
particles were more consistent with 
the simulations. 

"What we have done is place 
constraints on what dark matter could 
be - and ‘fuzzy dark matter, if it were 
to make up all of dark matter, is not 
consistent with our data," explains 
lead scientist Vid Irsic, a postdoctoral 
researcher in the Department 
of Astronomy at the University 
of Washington. 


1‘ RL 7 Sr a ange 


Knowing what dark matter consists of may be a mystery, but unlocking it 
would help researchers understand what they're looking for 


© Vid Irsi¢, University of Washington 








pyroclastic deposits by analysing 
satellite data. They found that this 
material - which is formed out of 
magma ejected from deep within the 
moon's interior - had evidence of water 
trapped in ‘glass beads’. Since the 
amount of present water is unusually 
high compared with the surrounding 
terrains, the scientists believe the 
Lebaeelapeer- Dele (cmcon pom ielca (eae 

“By looking at the orbital data we 
can examine the large pyroclastic 
deposits on the Moon that were 
never sampled by the Apollo or 
Luna missions,” says Ralph Milliken, 
associate professor of Brown's 
Department of Earth, Environmental 
and Planetary Sciences. “The fact that 
nearly all of them exhibit signatures of 
water suggests that the Apollo samples 
Pe icomao)mrebaleantel elelcmmcce mmm ant ha elma ere 
the bulk interior of the Moon is wet.” 

Researchers first began to suspect 
the moon had deep flows of water in 
2008, when a research team noted 
traces within volcanic rock brought 
back to Earth in the Apollo 15 and 17 
missions of the 1970s. Three years 
later, more studies of the crystalline 
formations within the volcanic glass 
beads showed similar amounts of 
water as some basalts on Earth. 


SpaceX drops propulsive landing for its Mars mission 


The decision will 

have an impact on 

the private space 
company's plans to use 
the Dragon craft 


SpaceX CEO and founder Elon Musk 
says the private company will not 

be allowing its Dragon capsules to 
make a propulsive landing. Although 
the original plans were to use the 
spacecraft's built-in Super Draco 
thrusters and four landing legs 

to soft-land (propulsive landings 
involve using rocket engines to go 
down instead, slowing the descent), 
Dragon will instead continue to make 
splashdowns using parachutes. This, 
Musk explained, was due to concerns 
over Safety. 

The company's decision to make 
such a change to plans it outlined 
last year will have an impact on its 
proposals to eventually land on Mars. 
Musk tweeted that the idea was to 
now “do powered landing on Mars for 
sure, but with a vastly bigger ship.” 
While he hasn't described exactly how 
this would be achieved, he said he 





The colouring in this image shows elevated water content on the Moon with the 


yellow and red indicating the richest water content 


“The key question is whether those 
Apollo samples represent the bulk 
conditions of the lunar interior, or 
instead represent unusual or perhaps 
anomalous water-rich regions within 
an otherwise ‘dry’ mantle,” Professor 
Milliken says. To find out, they took 
data from the Moon Mineralogy 
Mapper instrument on board India's 
Chandrayaan-1 probe, in order to 
see measurements of the light as 
it bounced off the lunar surface 
or became absorbed. Isolating the 
antsy en etcVMcJela) sav cien LAC se MD) amma tcm ples 


lunar surface, they could get an idea 
of the minerals and compounds that 
are present. 

“The distribution of these water- 
rich deposits is the key thing,” 
Professor Milliken says. “They're 
spread across the surface, which 
tells us that the water found in the 
Apollo samples isn’t a one-off. Lunar 
pyroclastics seem to be universally 
water-rich, which suggests the same 
may be true of the mantle.” The 
origin of the water, however, remains 
a mystery. 


“Tt may be that the bulk 


interior of the Moon is wet" 


was “pretty confident that [the Dragon 
approach to landing on Mars] is 
not the right way and there's a far 
better approach.” 

Calling the decision “tough” and 
saying the Dragon 2 was capable 
of a propulsive landing, he told 
delegates at the International Space 


beLieEVIWypraltaulelce lyase ta) 


Station Research and Development 
Conference in July: “You'd have to 
land [the Dragon] on some pretty soft 
landing pad because we deleted the 
little landing legs that pop out of the 
heat shield.” The decision will affect 


SpaceX's plan to send a robotic Dragon 


spacecraft to Mars as early as 2020. 
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Largest galactic 


supercluster is 
discovered from India 


Astronomers based in India have 
identified an extremely large 
supercluster of galaxies in the 
direction of the constellation Pisces. 
Previously unknown and dubbed the 
Sarawasti supercluster, it is thought 
to contain the equivalent of 20 
million billion suns and extend over 
a scale of 600 million light years. 
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Gravitational wave 
mission deactivated 


As planned, the European Space 
Agency has switched off LISA 
Pathfinder. It had been sent into 
space ahead of the future space 
observatory LISA, which is due to 
be launched in 2034, to measure 
low-frequency gravitational waves. 
The spacecraft had spent 16 
successful months taking scientific 
measurements in preparation. 


Lawbreaking particles 
may point to 
unknown force 
A trio of experiments has produced 
evidence that electrons, muons 

and tau leptons are not reacting as 
expected within the Standard Model 
when placed under a mysterious 
influence. It indicates a previously 
unknown force which Mark Wise, of 
California Institute of Technology, 
says would be a “complete revolution” 






ISS crystals may 
combat nerve poisons 


Astronauts on the International 

Space Station have been growing 
crystals of a human enzyme known 
as AchE on the understanding that 
the microgravity environment allows 
them to be produced on a larger scale. 
The enzyme helps muscles to relax, 
helping to fight back against deadly 
nerve agents such as sarin and VX. 


Stay up to date... 


WWw.spaceanswers.com 
Fascinating space facts, videos & more 


Twitter @ Facebook 


@spaceanswers /AllAboutSpaceMagazine 
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Radio signals detected 
from nearby star are 


not alien life 


Could a civilisation be trying to send out a 
message to us earthlings? Maybe not 


Signals, which have been described 
by observers as “very peculiar,” have 
been detected from a red dwarf star 11 
light years from Earth. Abel Mendez, 
director of the Planetary Habitability 
Laboratory at the University of Puerto 
Rico, says the odd radio signals 
emanated in the ten-minute dynamic 
spectrum obtained from Ross 128 on 
12 May. He explains they “consisted 
of broadband quasi-periodic non- 
polarised pulses with very strong 
dispersion-like features,” and says 
they are not believed to be local radio 
frequency interferences. 

But are they from aliens? Mendez 
says they may be emissions from Ross 
128, which would be similar to Type 
II solar flares. Although, he says they 
occur at much lower frequencies, “and 


the dispersion suggestions a much 
farther source or a dense electron 
field”. They could be emissions from 
another object in the field of view of 
Ross 128, but Mendez says no nearby 
objects are in the field of view, which 
suggests that it is likely not. 
Alternatively, the radio signals 
may simply be a “burst from a high- 
orbit satellite.” He explains “low-orbit 
satellites are quick to move out of the 
field of view.” Yet even that possibility 
has its flaws: “We have never seen 
satellites emit bursts like that,” 
Mendez says. One thing's for sure, he 
reckons an alien hypothesis is at the 
bottom of the list of explanations. 
He and his team are now setting out 
to amass more data in the hope of 
solving this newly emerged mystery. 


Half of Milky Way matter is 
from distant galaxies 


Computer simulations bring fresh insight into how 
our galaxy and other galaxies have formed 


A research team of astrophysicists 
has unearthed evidence that galaxies 
are able to acquire matter from 
other galaxies. The analysis, which 
Was made using supercomputer 
simulations, suggests as much as half 
of all of the matter in the Milky Way 
may have come from a distant galaxy. 
According to a statement put out 
by astrophysicists at Northwestern 
University in Illinois, USA, copious 


© NASA JPL 


Gas is said to flow from smaller 
galaxies to larger galaxies 


14 


amounts of gas are ejected from 
galaxies following supernova 
explosions, and these cause atoms 
to be transported from one galaxy 
to another. 

"Tt is likely that much of the Milky 
Way's matter was in other galaxies 
before it was kicked out by a powerful 
wind, travelled across intergalactic 
Space, and eventually found its 
new home in the Milky Way,” says 
Daniel Anglés-Alcazar, a postdoctoral 
fellow at Northwestern Center for 
Interdisciplinary Exploration and 
Research in Astrophysics. 

The process, he says, would take 
place over several billion years, since 
the galaxies are far apart from each 
other. To reach this conclusion, 
realistic 3D models of galaxies were 
produced, which showed the galaxies 
forming from just after the Big Bang 
to the present day. Dr Anglés-Alcazar's 
cutting-edge algorithms were then 
able to mine the data and quantify 
how galaxies acquire matter. 


Mimicking the infamous 
Wow! Signal, Abel Mendez 
and his team are calling their 
discovery the Weird! Signal 





Private spaceships 
on target for 2018 


SpaceX and Boeing will be testing crewed flights to 
the International Space Station next year 


Test flights for the commercial 
crew vehicles that are being created 
by SpaceX and Boeing are still on 
schedule for next year, according 
to NASA. The two companies were 
given the task of creating a spaceflight 
vehicle that could carry American 
astronauts to and from space back 
in September 2014. While they have 
suffered delays, NASA says both will 
be seeking to send humans on a 
commercial vehicle next summer. 
SpaceX will attempt an uncrewed 
test flight in February, while Boeing 
will do the same in June. The former 
will then look to have a human crew 
on board for a June launch while 
Boeing is pencilling in August. 
SpaceX CEO Elon Musk says the 
primary focus is staying on track 
for getting a crew to the ISS. “That's 
going to be real exciting,” he added, 
hinting that the delays have been due 
to the tougher oversight from NASA 


An artist's impression of Boeing's CST- 
100 Starliner spacecraft in space 


given that humans are involved in the 
test. Chris Ferguson, director of the 
Starliner crew and mission systems at 
Boeing, meanwhile, said it is planning 
for an upcoming milestone: the 
selection of a NASA astronaut to fly 
with a Boeing test pilot on the crewed 
test flight. 


© Mark A Garlick / University of Warwick 
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Newton's Laws of Motion are time 
reversible - they work equally well 
forwards and backwards. 
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Tim Koslowski 


Can you remember the past, or read about Henry 
VII's wives? What about recalling what you had for 
breakfast tomorrow, or who was on the British throne 
in 2100? Our experience of time comes with a very 
distinctive direction - events flow like a relentless 
river, from yesterday to tomorrow. Never the other 
way around. In the language of physicists, our 
universe has an arrow of time - one that points us 
ever forwards. There's even a corny joke to go with it: 
‘Time flies like an arrow, fruit flies like a banana’. 

But why is that? After all, physicists have known 
for centuries that the fundamental laws of physics 
don't seem to care which direction time flows in. 
Newton's Laws of Motion work equally well with 
time running backwards as forwards. Watch a film 
of a ball moving in a straight line at a constant speed 
and there's no way to tell if the video is playing 
forwards or backwards. So the distinction between 
past and future isn't always so clear cut; except, that 
is, when it comes to entropy. This notoriously tricky 
phenomenon is wrapped up in the equally infamous 
Second Law of Thermodynamics. Put simply, order 
tends to disorder. Bedrooms get messier, unkempt 
lawns get scraggier, and cups of tea get colder. 


“The arrow of time is the direction in which 
records of the past are generated - history 
books are written and fossils are formed” 


To see why this should be, many researchers 
have turned to the point when the universe was at 
its most ordered: the Big Bang. In the simplest Big 
Bang model, time and space were both created in 
the cataclysmic birth of our universe. But a growing 
band of physicists are daring to talk about events 
before the Big Bang. Back in 2014, three physicists 
- Julian Barbour, Tim Koslowski and Flavio Mercati 
- published research suggesting that our universe 
emerged from a ‘Janus point’. Named after the two- 
headed god from Roman mythology, they suggest 
that reality branched off into two separate directions 
each with its own opposing arrow of time. 

“We weren't working on the arrow of time,” says 
Koslowski, from the Universidad Nacional Autonoma 
de México, “we were researching quantum gravity.’ 
That's the attempt to combine quantum physics and 
Einstein's General Theory of Relativity, a holy grail 
for physicists, and a so called 'Theory of Everything’ 
Exploring models in which small particles move 
about in a region where no external space or time 
exists, they found arrows of time emerging naturally. 
“The arrow of time is the direction in which records 
of the past are generated - history books are written 








Mirror universe 


and fossils are formed,” Koslowski says. So they - can be in multiple states at once, for example, being 
looked at how information about the previous in many places simultaneously. We only observe 
locations of the particles was stored in their system them in a definite state or location once we make 
- that's where the Janus point emerged. They found a Measurement. A mathematical entity, called the 
regions with a shared past, but two distinct futures. wavefunction, describes the probability that we'll find 
If their model is an accurate description of reality, the electron in each of the possible states. Hartle and 
our universe could be one of those regions. There'd Hawking's original work calculated the wavefunction 
then be another universe out there where time runs of the young universe, giving us a list of possible 
in the opposite direction, because their arrow of time states. But which one are we in? 
is flipped with respect to ours. Their arrow would “We know from cosmology that quantum 
still create disorder from order, but events in our past fluctuations in our universe were small in the 
would be in their future. This idea may sound eerie, beginning,” says Hartle. We see them as tiny 
but physicists have considered something similar temperature variations in the Cosmic Microwave 
before. Back in the early 1980s, Jim Hartle teamed Background - the afterglow of the Big Bang. As the 
up with Stephen Hawking to publish details of what universe expanded, these fluctuations became the 
has since been called the Hartle-Hawking state. They seeds around which matter gathered to form the 
imagined our universe as a single, quantum particle. structure of the modern cosmos. In more recent work 
The rules of quantum physics are downright weird. with Thomas Hertog, Hartle looked at the quantum 
They famously say that particles - such as electrons states of the universe in which fluctuations were 
Evidence of a multiverse could SMa. One such type of universe is a bouncing one - 
be hidden in radiation left over _ it grows, then collapses, before rebounding outwards 
fromthe BigBang again. Hartle and Hertog showed that under this 
scenario the arrow of time flows in two opposite 
directions during the bounce. 

If our universe is indeed the result of a bounce, 
that would mean there's another region of space out 
there where the time flows in the opposite direction. 
Sometimes this other place is called a mirror 
universe, but Hartle cautions against the term. “It 
suggests that one half is a reflection of the other, that 
the same things happen in each half,” he says. “We 
mean there are two halves, but different things can 
happen in different halves.” 
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born from the Big Bang at the same time as ours 





Possible planets - 


It may be possible for stars, - 


_ planets and people to form 
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Backwards arrow 
Order tends to disorder in 


both halves, but because 
_the arrow of time is 
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Virtual particles 

Imaginary particles, each with arandom speed, are 
placed inside a computer model during a period 
before the Big Bang. 








Inflation 
Both regions would have 
emerged after a period of 
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known as inflation, which gave 
. rise to multiple universes. 





Cosmic Microwave Background 
Inflation MERA VAe CURA elder Loa 
Contre they became ‘set in’. This led to the 
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‘Arrows of time appear, leading some of the ae 
to cluster together in a high entropy ordered patch... 
The others remain disordered. 
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Janus point _ 
After some time two | 
distinct regions emerged, . 
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Communication off limits 
The two universes cannot communicate 


through our past to reach their Ure 
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seed for our universe, but LN all particles 
move outwards. 





because we'd need to send a message back ° 


Rapid cooling 
There are electrons, quarks 
and other particles. The 


cosmos rapidly cools, 
permitting quarks to clump * 
into protons and-neutrons. 
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Disorder from order 

This leads to entropy increasing in two PCE 
directions - two regions with an arrow of time 
reversed with respect to the other. 
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An alternative finger would have erupted from. 
pe Bang, almost 14 billion years ago 


Could we ever see into this other region, witness 
time running backwards, and see how the two 
compare? “We have about as much chance of seeing 
What happens there as we have sending a message 
back in time to tell people to vote a different way in 
the Brexit election,” says Hartle. For them to send a 
message to our future, they'd need to send it back 
through their past to cross the Janus point, and vice 
versa. To compound the problem, the concepts of 
Space and time break down in the transition region 
between the two. 

But that doesn't stop the evidence stacking up 
that another universe with its time reversed could 
be a real possibility. It also crops up when poking 
holes in the Big Bang theory. The Big Bang theory is 
a great one - among other things, it explains why the 
universe is expanding, why its composition is largely 
75% hydrogen and 25% helium, and why we see a 
Cosmic Microwave Background (CMB). However, 
there are some things the simple Big Bang model 
alone cannot explain - such as the tiny temperature 
variations in the CMB. It also cannot explain why the 
curvature of the visible universe appears flat, or 

how two distant parts of the universe can be 
causally connected. So, in the early 1980s, 
physicists, including Alan Guth at the Massachusetts 
Institute of Technology (MIT), came up with a 
solution called inflation. 
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Think of inflation as expansion on steroids. It says 
the region we now see as Our universe swelled in size 
from smaller than an atom to the size of a grapefruit 
in a trillionth of a trillionth of a trillionth of a second. 
What we know as the Big Bang - the beginning of 
time in our universe - happened at the end of this 
process after space had grown by a tredecillion (that's 
ten followed by 78 zeros!). This inflationary period 
helps explain the variations in the CMB. Natural 
quantum fluctuations were blown up so rapidly 
that they became set in, leading to slightly hotter 
and colder spots in the juvenille universe. Such a 
rapid growth spurt would also have ironed out any 
curvature our local region of the universe had, 
and quickly separated areas that were originally 
causally connected. 

So far, so good. But the catch is that, if inflation is 
to be believed, you need to find a mechanism that 
caused it to happen in the first place. The most likely 
cause suggests it doesn't just happen once - multiple 
regions are constantly inflating to create multiple 
universes, in a process known as eternal inflation. 

If there are enough of these other universes then it 
is Statistically likely, if not certain, that somewhere 

out there in the multiverse there are copies of you 

reading copies of this article. 

More recently, Guth has been working with 
cosmologist Sean Carroll from the California Institute 














Evidence for a 
mirror universe 


Quantum gravity 
Reversed time arrows 
appear in some models, 
which try to explain the 
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Inflation best explains 
the birth of our universe, 
and it implies there 

are probably multiple 
universes, each with 
different physics. 
























of Technology on how an arrow of time emerges 
out of this inflationary scenario. They are still 
working on the finer details, but they've shared the 
basic premise. Like Koslowski's team, their model 


tracks a group of particles let loose, this time in an 
inflationary universe. Following these particles, they 
found arrows of time arising spontaneously, and 
crucially, in opposite directions. So, in some of the 
other universes that make up the vast multiverse, 
the arrow of time points the other way. Yet the same 
rules about communication apply - we'd be in their 
past and they in ours. 

So, there are many rifts on the general idea of 
time running backwards in another universe. But 
What would these other universes be like? Could 
stars, planets and people emerge there too? Maybe. 
“In principle is it possible to get stars and planets 
with the arrow of time pointing the other way,” says 
Koslowski. The fact that the laws of physics work 
the same forwards and backwards might mean that 
a reversed direction of time wouldn't be a big deal. 
“A rightward spinning electron moving forwards in 


time is the same as a leftwards spinning anti-electron 


moving backwards in time,” says Anthony Aguirre 
from the University of California, Santa Cruz. 
Aguirre has also been exploring this area. As 
far back as 2003, he published a paper on eternal 
inflation with Steven Gratton, now at the Institute 
for Astronomy at The University of Cambridge. 
They were looking into the possibility that it has 
been going on forever, and that there was no overall 
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Big Crunch 

Universes that fall back on 
Walelaa Xe \ece eM AMR an lil s 
hot, dense state to the Big 
Bang itself. Some cosmologists 
speculate that this kind of 

‘Big Crunch’ could give rise to 
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Big Bang 

Universes begin with a Big 
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the quantum foam, or a 
collision between branes. 


Closed universe 

The development of an individual 
universe is determined by 
fundamental properties such 

as the strength of gravity and 

the amount of matter contained 
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beginning of time in the multiverse. “If you create a 
model in which inflation goes infinitely far back into 
the past, then you end up with a twin universe with 
an opposite direction of time,” Aguirre says. 

As with all these versions of a time reversed 
universe, communication and observation are off 
limits. So if we can never see or talk to these places, 
What's the point in studying them? “We're trying to 
find basic theory for the origins of our universe,” says 
Hartle. The best theory is the one that most matches 
what we see in our universe. Several of the versions 
of a reversed arrow of time, including Hartle's and 
Koslowksi's, have cropped up when looking for a 
theory of quantum gravity. If a consequence of 
finding this theory predicts other universes where 
time runs the other way then so be it. 

Aguirre doesn't think they will ever be any more 


than a curiosity. “I don't honestly see an experimental 


way of proving that they're there,” he says. Yet is still 
amazing to think that all the events we remember 
and those we read about in history books could well 
be in somebody else's future. 
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"A rightward spinning electron moving 
forwards in time is the same as a leftwards 


spinning anti-electron moving backwards 


in time” Anthony Aguirre 
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The background fabric of 
the multiverse would be 
beyond time and space, 
perhaps in the form of 
many-dimensional ‘branes’, 
or as an all-pervading 
‘quantum foam’. 





Short-lived universe 
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that the expanding force of dark 
energy is never able to take hold, 

so they rapidly collapse back onto 
themselves, ending in a ‘Big Crunch’. 


Perpetual expansion 

In universes like our own, 

an expansive force called 
dark energy seems to have 
grown stronger over time, 
oV(=VaUVAT=I (Pal ASM Mg e-] aa p= Leld(o)e 
of gravity to produce an 
ever-growing cosmos. 


Perpetual slowdown 
If the forces of expansion 
and contraction are 
precisely-balanced, a 
universe may expand ever 
more slowly, but will never 
come to a halt. 


Long-lived universe 

With less matter and mass, 

a universe might be able to 
expand to a huge size and exist 
for trillions of years before 
eventually collapsing back. 
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Mission to touch the Sun 
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NASA’s audacious Parker Solar Probe will 
explore the most hostile territory in the 
solar System - the solar corona 
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Mission to touch the Sun 


he Sun is the most familiar object in 

the heavens. The subject of centuries 

of casual observations and decades 

of scientific study, it still presents 

something of a mystery. Temperatures 
on its visible surface, the photosphere, are about 
5,500 degrees Celsius (9,932 Fahrenheit). Inside, 
where fusion reactions generate unimaginable 
amounts of energy, temperatures reach a hellish 
15 million Celsius (27 million Fahrenheit). It might 
seem obvious that the corona, the star's wispy 
atmosphere, which is visible from Earth only during 
a solar eclipse, would be progressively cooler than the 
surface - but it isn't. Temperatures actually rise back 
up into the million-degree range over a vast volume 
of space surrounding the Sun. They reach about 2 
million Celsius (3.6 million Fahrenheit) at an altitude 
of 6 or 8 million kilometres (3.7 or 5 million miles), 
a distance equivalent to about ten solar radii above 
the surface. Here, the charged particles that make 
up the solar wind undergo a bizarre acceleration 
propelled by powerful magnetic fields, which 
increase their speed by a factor of five. The precise 
location and nature of these heating and acceleration 
effects are still something of a mystery, with rival 
scientific theories offering alternative explanations 


and predictions. Now those theories are to be put to 
the test by the Parker Solar Probe (PSP), which NASA 
describes as a mission to touch the Sun. 

PSP launches in August 2018 (or possibly at the 
very end of July) aboard a Delta IV heavy rocket from 
Cape Canaveral, setting out on a seven-year journey 
to make 24 orbits of the Sun. On the way, it will make 
seven flybys of Venus, using the planet's gravity 
to boost it further inwards for its expedition to the 
most hostile environment in the solar system. It will 
travel eight times closer to the Sun than any previous 
spacecraft, and become the fastest human-made 
object in history as it hurtles around it. The probe's 
delicate instruments will be protected from roasting 
by a huge 11.4cm (4.5-inch)-thick carbon composite 
heat shield, maintaining the scientific payload at a 
temperature that would be comfortable in an office or 
laboratory on Earth. 

PSP sets another record too: it is the first NASA 
spacecraft to be named after a living person. The 
agency announced in May 2017 that the probe, 
previously known as the Solar Probe Plus, would now 
be called the Parker Solar Probe, in honour of the 
eminent space scientist Professor Eugene Parker. His 
1958 prediction of the existence of the solar wind was 
initially greeted with scepticism, and his scientific 


"Tt will travel eight times closer to the Sun 


than any previous spacecraft, and become 
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The Sun's surface is blisteringly hot, 
sweltering at temperatures that hit over 
10,000 degrees Fahrenheit, but its 
atmosphere is even hotter. Our current 
understanding is that the further you 
move away from a source, the cooler the 
environment gets, however, with the Sun, 
this is not the case. 
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Why does it unpredictably spew out 
torrents of energised particles? 

These particles impact the Solar System, in particular, 
the Earth's magnetosphere, which creates the aurora. 
It also presents a hazard to spacecraft and astronauts, 


and can trigger storms that have been known to disable 


satellites and knock out terrestrial electric power grids 
for periods of time. 


the fastest human-made object in history" 
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The aurora borealis forms when charged particles 
from the sun meet the Earth's magnetic shield 
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Understand the 
structure and 
dynamics of the 
magnetic field 

The Sun is comprised of a 
complicated magnetic field, 
which has two poles. They 
act very much like a bar 
magnet. The poles flip at 
the peak of the Sun's solar 
activity cycle every 11 years. 
The team behind the Parker 
Solar Probe are interested 
in the dynamics of the 
magnetic fields where solar 
flares erupt from 
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Explore the Sun's plasma 
Interplanetary space is filled with the plasma 
that's expelled via the solar wind, which 
vaca e MIRO LUMA =MOlOla RM allel NAN lsrs[Kole 
surface. Being so close to our nearest star, the 
Parker Solar Probe will investigate the solar 
plasma - the fourth state of matter, that isn't a 
solid, liquid or gas. 





We hope that the Parker Solar — 
ce) em Ml e VMleyhatcpracycdaiminlcondats 
Sun and the plasma waves it emits 


paper on the topic was even rejected by a couple 
of referees before being confirmed by observations 
a few years later. Professor Parker quite literally 
wrote the book on the solar wind, and will be 97 
when his namesake spacecraft makes its first close 
approach to the Sun in December 2024. Among his 
key predictions was that the charged particles and 
plasma streaming from the Sun would be accelerated 
to supersonic velocities as they expanded into space. 
But wait a second - how can there be a speed of 
sound in the silent vacuum of space? The head of the 
Heliospheric Physics Laboratory at NASA's Goddard 
Space Flight Center, Dr Adam Szabo, clarifies: "The 
term is really a generalisation in the solar wind," 
he tells All About Space. "Although there are sonic 
waves, ‘supersonic’ really refers to a bulk flow 
speed faster than any waves - including the fastest 
electromagnetic waves - can travel in the medium". 
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be: 


Beyond the supersonic threshold, information 
cannot flow back towards the Sun but can only flow 
outward. This ‘information’ could relate to an obstacle 
or event within the flow, rather like the way traffic 
congestion on a motorway can be detected further 
back of any actual blockage. 

In the inner part of the corona, the solar wind is 
expected to remain ‘coupled’ to the Sun and rotate 
in time with it. Further out it moves radially, directly 
away from the star. Somewhere between these two 
conditions is the transition zone, where the solar 
wind is given a huge burst of acceleration. "We 
expect the solar wind to be as slow as 200 to 300 
kilometres per second (450,000 to 600,000 miles 
per hour),” says Dr Szabo, "which is about half of what 
it is at 1 AU [at Earth's orbit], but more importantly, 
the speed of the waves will go up with the higher 
densities and stronger magnetic fields.” He continues: 


Mission to touch the Sun 








The solar shield, at the front of the spacecraft, is 
made of reinforced carbon-carbon composite 
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Mission to touch the Sun 


The Parker Solar Probe 


Slated for launch next year, the Parker Solar Probe will 


be the first to get close to our nearest star 


Primary science will take roughly 11 days 
<_< 


Closest approach to the Sun is 
between 35 and 9.5 times the 
radius of the Sun. 
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First nearby 
orbit of the Sun 


Launch November 2018 


July/August 2018 





Venus flyby 
September 2018 









Furthest distance from the solar 
surface is between 1:02 and 0.73 
times the distance between the 
Sun and the Earth. 





s 
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Venus 


Earth 


First ‘touch’ of the Sun 
December 2024 


The PSP under construction: it will have to endure conditions unlike any previous spacecraft 
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Solar array cooling system 
Solar arrays are protected from 
incineration with a cooling system 
as the spacecraft moves around our 
nearest star. 





Antenna 

Measures the radio emissions 
that are thrown out by our 
nearest star while a radio 
antenna transmits data back to 
control rooms on Earth. 








Magnetometers 
Will measure the Sun's 
magnetic fields and 
shockwaves. 


"Models disagree on exactly where we should expect 
this transition, and the predictions range between 
ten and twenty solar radii. By going inside 10Rs, we 
Should see it - unless all the predictions are wrong". 
The closest approach the PSP will make is 6.3 million 
kilometres (3.9 million miles), or about nine solar 
Tadii. 

Just as the behaviour of the corona defies 
common logic, the waves in the solar wind are 
also pretty bizarre. We're used to light waves with 
frequencies of a few hundred terahertz, and sound 
waves at frequencies of a few thousand hertz. The 
waves that form in plasma have names that could 
be straight out of Szar 7rek they are known as 
magnetohydrodynamic waves, or Alfvén waves, 
after the Swedish physicist Hannes Alfvén who 
first described them in 1942. Alfvén was another 
pioneering space scientist whose work was initially 
dismissed by more established rivals, and it was 
not until 1970 that he finally won recognition with 
a Nobel Prize. The properties of Alfvén waves 
are strange indeed. Instead of having frequencies 


Thermal protection system 

The spacecraft is fitted with a 
11.5-centimetre thick shield made of 
carbon, which can withstand almost 
1,400 degrees Celsius and allows 
instruments to operate at about 

room temperature. F 





PSP member says... 


"This one is probably the most complicated Pr 
ue mission we've ever done. It's also by far the 
coolest. A few months in, we'll start taking 
science we haven't gotten before." 


Jim Kinnison 
WTC Cees 
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Solar array winds 

The solar probe's panels will power 
the spacecraft on its journey 

and will then retract when it 

gets close to the Sun. It will also 
ensure that panel power levels and 
temperatures don't fluctuate. 





"The speed of the waves 
will go up with the higher 
densities and stronger 
magnetic fields” pr adam szabo 


measured in cycles per second, an Alfvén oscillates 
just once in about four hours, at something like 
O.00007Hz. The wavelength is correspondingly long, 
at around 120,000 kilometres (74,565 miles) or ten 
times the Earth's diameter. The PSP's mission is to 
detect and record these waves, deploying four main 
experiments in its search for the transition zone. 
The Solar Wind Electrons Alphas and Protons 
(SWEAP) investigation will count electrons, protons 
and helium ions in the solar wind, actually catching 
some of them for direct analysis on board the probe. 
The acceleration of these particles and ions will be 
measured by an experiment called the Integrated 
Science Investigation of the Sun, or ISIS. 3D images 





of the corona, the solar wind and shocks as they pass 
the spacecraft will be made by the Wide-field Imager 
for Solar Probe (WISPR). The Fields Experiment will 
make direct measurements of electric, magnetic 

and radio emissions, as well as measuring dust by 
recording voltage spikes when specks of matter hit 
the antenna. 

These sensitive pieces of equipment have to go 
where no scientific instrument has gone before, and 
consequently the PSP employs radical innovations 
to protect them. Most obvious is the 2.4m-diameter 
(7.87ft) carbon composite heat shield or Thermal 
Protection System (TPS), which acts like a parasol 
to shade the spacecraft from the inferno. Only the 


The solar probe launches in July or August 2018 
from Cape Canaveral 
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PSP member says... 


“We've been waiting an awfully long time 
to go touch the Sun. It's the last major 


Great carehasbeentakenin “Ws. 
designing the PSP, as it will have 
to endure the harsh conditions 
of space before it even comes 


close to the Sun region in the solar system to be visited 
, by a spacecraft, and it's an important 
og region, because the Sun is the centre of 


the solar system, and our life depends 
on it. All the planets get affected by it in 








particle detector, antennae and the edges of the 
solar power generators peek around the edge of the 
TPS - the front face of which will reach nearly 1,400 
degrees Celsius (2,552 degrees Fahrenheit). 

As the Parker Solar Probe sweeps around the 
deep gravity well of the Sun, it will be accelerated 
to speeds no other spacecraft has reached. Juno hit 
almost 60 kilometres per second (133,000 miles per 
hour), measured with respect to the Sun, which is 
certainly shifting. There are actually two spacecraft 
that currently vie for the speed record title. Helios-B 
was recorded at 98.9 kilometres per second (221,000 
miles per hour) in January 1989, and is recognised by 
Guinness World Records as the fastest ever, but some 
argue that by the time it reached this speed, Helios-B 
was a dead hulk, and no longer really a spacecraft. 
For them, sister ship Helios-A remains champion, 
hitting 59.3 kilometres per second (132,000 miles per 
hour) in February 1975. These arguments will become 
redundant before long, as the Parker Solar Probe will 
comprehensively shatter the record. Sweeping around 
the Sun, it will accelerate to an astonishing 200 
kilometers a second (450,000 miles per hour). 

The Parker Solar Probe will launch during a 20-day 
window beginning on 31 July 2018, using one of the 
most powerful rockets in NASA’s arsenal: the Delta 
IV in ‘heavy' configuration will include an integrated 
third stage booster, powered by the workhorse Star 
A8BV rocket motor that has been used on over 130 
missions since the 1980s. This is necessary because 
of the substantial 610kg mass of the spacecraft, 
and the requirement for a big initial push to its first 
encounter with Venus just two months after launch. 
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some way or another.” 


Nicola Fox 
Project scientist 


“These sensitive pieces of equipment have 


to gO where no scientific instrument has 
gone before" 


NASA's Parker Solar Probe will 
need to withstand... 


mame NEAR THE SUN 


A temperature of 54 
degrees Celsius 


Blan) ol=)e- idole =m oy=1 a -\-10) 
500,000 and 1.9mn 
degrees Celsius 


Radiation equivalent 
to 1,366 watts per 
metre squared 


al speed of 28,968km/h 
‘is, (18,000mph) 


Radiation equivalent 
to 649 kilowatts per 
metre squared 


A speed of 724,204km/h 
(450,000mph) 


Being bombarded by 
space particles travelling 
over 1236km/h (768mph) 


Solar wind travelling between 
1.1mn km/h (683,508mph) and 
3.47mn km/h (2.15mn mph) 


Solar storms between 1,158,728 km/h 
(720,000 mph) and 5.8mn km/h (3.6 
mn mph) 


“ 





Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 


Planet Earth 
Educatian 





The Sun provides our energy to live and is used for timekeeping. 

The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
Constellations can be used for navigation. 

Astronomy ts one of the oldest sciences. 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our populanty has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





@ 01616539092 www.planeteartheducation.co.uk 
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“Scientists in China have teleported photons from 
Earth's surface:and into orbit for the first time 


The quantum era has begun, as einntelaseasesiete tts f 


have teleported.a single object from Earth to space = 
onto a satellite roughly 500 kilometres (310.6 miles) 


away - for the very first time. This scientific triumph _ 


occurred when scientists transported a photon from 
their observatory ground station in Ngari, Tibet to 
their satellite directly overhead, named Micius. 

The satellite, named after an ancient Chinese 
philosopher and scientist, .is a highly sensitive, state- 
of-the-art photon receiver. It is currently in an orbit 
that causes it to pass over the ce tale eal position at 
Ngari frequently. So, when it reached this. position, 
the scientists.at-the highest possible altitude in 
Ngari fired millions of photons at the satellite's 


position over more than 32 days. The results showed ~ 


MOELMAUUCMVsCCRS) Mert itoyi i CqolearlaleyuF oyaneteatate a 
joyous step forward in practical quantum physics. 

“This palpably indicates that the field isn't 
limited to scientists sitting in labs thinking about 
weird things,” says Ian Walmsley, Hooke professor 
of experimental physics at Oxford University. — 
“Quantum phenomena actually have a 
utility, and can really deliver some a eeeees 
new technologies.” 

, Quantum teleportation is an interesting ed 
of physics, but it's also an extremely confusing 
one. To understand the Ese (o) mci lels re ae 
perplexing scenario, the term ‘entanglement’ belies 
be understood first. Entanglement i isa physical 
phenomenon which occurs when two quantum 
objects, in this case, photons, are separated as. - 
MIA RSUECe BAO SO niece B(neline teem 
superposition - a spooky property that means * 
they're occupying every possible spin state at once. ” 
We can think of this-as both entangled particles © 
being ‘undefined’, but once one particle adopts a 
spin, the other, no matter the distance between. 
them, will instantly adopt the opposite spin. 


To demonstrate this bizarre quantum relationship, 


the research team sent one of the entangled 
particles vast distances in superposition to 


the satellite, and a third entangled photon was 


introduced on the ground. When this third photon 
interacted with one of the itinerant photons, their 
identities were revealed, thus defining the spin of 
the final photon in orbit. So essentially, as both 

the third entangled photon on the ground and the 
photon in orbit adopt opposite spins to the particle 
left behind, they are clones of one another, meaning 
thatthe third photon has effectively teleported to 


another place instantly. 


“Space- -scale 
teleportation can 


be realised,.and is: 
expected to play 
akey role in the 


future of distributed 


quantum internet” 


Even with raat recent feat, it’s still not possible’: 


- ‘to ‘beam anyone up to Scotty’ just’yet, but the 
scientists working on this project-do Jeo) oYeMromclal imme 
' . this as a more efficient, and safe, data Tere 


system. “Space-scale teleportation can be realised, 
and is expected to play a key role in the future of 
distributed quantum intermet,” say the scientists 


Biro nmesl-MOlsia (ein meymcre (sale lelems Rael stelelo:aimeyi 


China, led by Prof. Chao-Yang Lu. 
This quantum internet network would have 
many security advantages, as information could 


be encoded within the entangled photons, and 


teleported instantaneously. This would make.an 
impossible task for eavesdroppers and hackers to get 
a hold of the information. 





2. Making the 
journey to Micius 
While one photon 
stays on Earth, the © 
other travels 500 km, 
staying in its undefined 
fel UP Tal del aac) elke 


3. Detecting the photon 
‘Once the remaining photon 
interacts with a third entangled 
photon on the ground, all 

a Rome) Roe 1 
revealed. The third photon 

has effectively teleported into 
outer space. 














Fa init) eys4llarcar-lace 
~ emitting the photons . 
Using an innovative system 
of light-altering crystals 
and a one-metre telescope, - 
the entangled photon 
is sent towards the 
-Micius spacecraft. 


Focus on quantum teleportation 





_ Inan experiment conducted three years ago, invisible 
Tali photons used fot quantum teleportation Ste 
sent from La Palma 


a 






7. abl ae l= 
(oy me Or ale ane 
teleportation 

Scientists hope to create 

a system of ground-based 
stations and quantum 

SET CMCSA ae 
quantum internet.network. 
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os, Recent research has turned.up evidence that 


could make or break the existence ofoneor -. | 
"more worlds at the edge of the Solar System | 
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Search for Planet Nine 


t the very edge of our Solar System, 
twenty times further away than Neptune, 
and 700 times the distance from Earth to 
the Sun, there lies a mystery. A planet, ten 
times more massive than our own, could be lurking. 
Now, as evidence is being gathered, we may have 
already discovered this world without realising it yet. 

Once upon a time there were nine planets in our 
Solar System. In 2003, an astronomer called Mike 
Brown discovered a dwarf planet called Eris, which 
is larger than Pluto, leading to Pluto being stripped 
of its planetary status. Over ten years later, the 
Same astronomer that led to the demotion of Pluto 
started the journey towards our Solar System gaining 
another ninth member. 

In January 2016, a pair of astronomers from the 
California Institute of Technology, Mike Brown and 
Konstantin Batygin, published a paper predicting the 
existence of a ninth planet. Their paper set to answer 
a mystery of our Solar System - why six objects 
far beyond Neptune, in an icy region known as the 
Kuiper Belt, were tilted and orbiting in one particular 
direction. These objects are known as extreme 
trans-Neptunian objects (ETNOs), and their strange 
behaviour has started a distant space investigation. 





For this kind of clustering of these objects, there 

is around a 0.007 (or one in 15,000) chance it is 
being caused by a coincidence. Brown and Batygin’'s 
reasoning was if a planet large enough was orbiting 
beyond the Kuiper Belt, its gravity could be the force 
behind the mystery. They described Planet Nine as 
the last resort after all other possible explanations for 
the clustering were exhausted. 

A few months after the paper was published, 
using data from the Cassini spacecraft, a pair of 
astronomers worked out the possibility of several 
orbits for the mystery world. They used small 
fluctuations in the orbit of Cassini around Saturn, and 
found they could be better explained if a huge planet 
existed somewhere beyond the Kuiper Belt. In the 
following months, the evidence continued to mount. 
In July last year, Batygin, Brown and Elizabeth 
Bailey revealed Planet Nine would also explain the 
six-degree tilt of the Sun with respect to the plane of 
the inner planets; a mystery which has been puzzling 
us for over 150 years. 

Since then, astronomers around the world focused 
their attention on proving, or disproving, the 
existence of this hypothetical world. Now, enough 
data has been collected that Batygin thinks Planet 


"We still believe that there are two or more 
planets beyond Pluto” Rei meCBeM MCB VET CwelS 


The Victor M. Blanco telescope at Cerro Tololo Interamerican 
Observatory (CTIO) in Chile collects images using its 
570-megapixel camera to search for Planet Nine 
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Nine may be hiding in a set of data somewhere. “It's 
possible it's sitting in an already existing dataset, but 
has not been correctly interpreted,” Batygin says. 
“Indeed, one approach to look for Planet Nine would 
be to scan already existing data. We've done this to 
an extent, but we are far from complete.” 

Results published last month from the Outer 
Solar System Origins Survey (OSSOS), a four-year 
telescope survey that ended recently, seemed to dash 
Planet Nine’s hopes. OSSOS discovered more than 
800 objects beyond the orbit of Neptune, meaning 
it could have been an opportunity to spot evidence 
for the orbital clustering of these objects, caused 
by Planet Nine. However, Cory Shankman of the 
University of Victoria in Canada, and his colleagues 
involved with the project, claimed to have found no 
such evidence. 

“Their work has received a lot of media attention 
and you may have heard statements as strong as ‘the 
Planet Nine theory is dead’” says Raul de la Fuente 
Marcos, a researcher based in Spain who is also 
looking into planets beyond Pluto. But this is not the 
case. While the paper could be seen as casting doubt 
on the existence of Planet Nine, Batygin remains 
optimistic. He says the survey only looked at a small 
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Planet Nine.would also force'some _ 
objects into:a perpendicular orbit to.its 
own:- these objects, have been.found : a | 
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We're tilted at six . 
degrees to the. Sun *' 
We know that the plane of 
Stele VLU re RL 
respect to the Sun, however, - 
the reasoning Em ee M Waa are 
long been a mystery - the 
existence of another world 

‘could explain it. It's thought 
that Planet Nine has quite a 
long orbit and so can EL-lam 
quite a bit of torque on the 

| inner planets without having 

to apply a great deal of force. 
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Six minor planets in.the . 
Kuiper Belt line up in an’ 

eel Co) Tea 
Caltech's Konstantin Batygin and 
Michael Brown found that orbits 
of minor planets - namely Sedna, 
2012 VP113, 2004 VN112 and 2010 

- GB174 - are aligned in space with 
their perihelia in roughly the same 
direction. The objects and their 
position have been confirmed by six 
surveys on six separate telescopes. 
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Search for Planet Nine 


Planet Nine's gravity would explain 
the clustering of distant objects 





Cassini's orbit has had fluctuations 
~ which could be caused by a large 
planet beyond Pluto 


section of the sky. “Given the ‘pencil-beam’ nature 
of the OSSOS survey, it has a negligible chance of 
finding Planet Nine by design,” says Batygin. One 
argument against Planet Nine is that there are biases 
in the data used by Brown and Batygin, according 
to the team behind the OSSOS paper. “They have 
been arguing for quite some time that the data is 
affected by strong detection biases, and therefore, is 
not suitable to arrive to any conclusions regarding the 
presence of planets beyond Pluto," says Marcos. 
Marcos and his colleagues have been looking into 
the mystery themselves, and they have come up with 
an even more intriguing suggestion. They believe 
there could be biases, but that these would not be 
enough to rule out perturbations caused by other 


planets. “As we point out in our most recent paper, 

the data, biased or not, still suggests that there is at 
least one massive perturber beyond Pluto,” he says, 
“and probably more than one”. 

Last year, Marcos and his colleagues revisited the 
six objects behind the original Planet Nine paper, and 
found they are not as stable as it was first thought. 
The evidence led them to believe the most stable 
scenario is one involving not just one new planet, but 
two, or potentially more, lurking beyond Pluto. The 
newest models suggest there is one potential planet 
at a distance of 60 astronomical units (AU), from the 
Sun - 60 times the distance between Earth and the 
Sun. On top of this, they think there is another much 
larger planet, between 300 and 400 AU away - which 
resembles the Planet Nine we are familiar with. The 
first object, they say, would only be a tenth of the 
mass of Earth. This is tiny compared to the Planet 
Nine predicted by Batygin and Brown, which is ten 
times Earth's mass. 

Kat Volk and Renu Malhotra of the University of 
Arizona's Lunar and Planetary Laboratory say beyond 
50 AU, the inclination of objects in the Kuiper 
Belt differed from predictions by eight degrees, on 
average. They suggest this warping could be caused 
by a planet around the size of Mars, in addition to 
the Planet Nine predicted by Batygin and Brown. 
"The most likely explanation for our results is that 
there is some unseen mass," says Volk, a postdoctoral 
fellow at LPL and the lead author of the study. 
"According to our calculations, something as massive 
as Mars would be needed to cause the warp that 
we measured.” The pair say our chance to catch a 
glimpse of the mysterious object might come fairly 
soon, once construction of the Large Synoptic Survey 
Telescope is completed in 2020. 
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"It's possible it's sitting in an already 
existing dataset, but has not been 
correctly interpreted” 


The first results hinting at the potential of more 
planets were published last year, and researchers 
continue to work on improving these models and 
populating them with data. “We still believe that 
there are two or more planets beyond Pluto,” Marcos 
says. “We hope to publish new and exciting results 
soon.” Marcos and his colleagues are collaborating 
with Instituto Astrofisico de Canarias using one of 
the largest telescopes currently available, to study 
the ETNOs themselves. Batygin and Brown are doing 
their own observations in an attempt to dampen the 
suggestion that Planet Nine is dead. “We are carrying 
out our own Planet Nine search using the Subaru 
telescope, which is much better suited to the task 
[than OSSOS],” Batygin says. Subaru is an 8.2-metre 
optical-infrared telescope in Mauna Kea, Hawaii. 

Until then, the Planet Nine craze is sweeping 
astronomy, even catching people who do not 
normally look for planets. Dave Gerdes at the 
University of Michigan leads an independent survey 
using the so-called Dark Energy Camera. Normally, 
he spends his time studying the acceleration of the 
universe by looking for distant galaxies in the hopes 
of learning more about dark energy, but last year, his 
research went down a different avenue. 

Professor Gerdes was looking for a project to give 
his students when Planet Nine was brought to his 
attention. According to some research that had been 
published earlier in the year, the Dark Energy Survey 






had been looking at the right spot in the sky for 
Planet Nine for the past three years. If they found it, it 
would be a huge breakthrough, but it would also help 
narrow down the search if they didn't. Not spotting 
the planet in the DES data would mean a lot more 
constraints could be placed on the model, helping 
other searches potentially track the planet or planets 
down. “Others are working along similar lines as 
well,” Batygin says. “Chad Trujillo and Scott Sheppard 
have their own search going, also using Subaru.” 

It seems all eyes - and telescopes - are on Planet 
Nine. With this surge of activity, the answer to one of 
the biggest mysteries in modern astronomy will soon 
be on its way. Whether or not Planet Nine is lurking 
in already collected data sets, we will know soon 
enough. “Hopefully within a couple years,” Batygin 
says, “but for sure within a decade”. 
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Research last 
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six orbits beyond 
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Fewer people: . 
support the idea 
that a tenth planet 
exists compared . 
to Planet Nine 
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Some 66 million years ago, an asteroid wiped prehistoric life 
from our planet. All About Space uncovers if another star 
tied to ours could have kiclk-started a mass extinction 


Written by Jonathan O'Callaghan 


Sun's twin 





There's an extremely small chance | 
Neinalecsisp icp (eles m rey Vere cna ets 
ciate cee) unten lV Ol lara: a 


bout 66 million years ago, an asteroid 

slammed into Earth, wiping out more 

than 75 per cent of all life on our 

planet - including the dinosaurs. What 
caused that asteroid to come our way has perplexed 
scientists. Was it just a coincidence, or were bigger 
powers at play? 

Back in 1984, a group of astronomers suggested 
the latter with a pretty controversial paper: Marc 
Davis, Piet Hut and Richard Muller proposed that 
every 26 to 30 million years, a companion star to our 
Sun would swing past the Solar System, potentially 
disrupting a family of asteroids and comets at our 
system's edge - the Kuiper Belt and Oort cloud - 
and sending some our way. They dubbed this star 
Nemesis, after the Greek goddess of retribution. 

The idea was based on the discovery that Earth 
had experienced not just one, but multiple extinctions 
in its past. These seem to have occurred roughly 
every 26 to 30 million years, based on the number 


of large craters that have been found and aged. A 
number of theories were proposed for why this might 
be, from regular volcanic activity to a hidden ‘Planet 
X' in the Solar System. 

The Nemesis idea provided a new theory 
that seemed to stand up to scrutiny. The three 
astronomers said it was most likely a red dwarf, the 
most common star in our galaxy. At less than a third 
of the size of the Sun and one-thousandth as bright, 
it would be hard to see. Its long journey would take 
it from its most distant point, about three light years 





away, to within half a light year - inside the Oort 
cloud, which extends out about one light year from 
the Sun. 

Calculations from the team showed that it could 
be possible for such a star to maintain this orbit 
for about one billion years. They suggested that 
at present it was at its furthest point, suggesting 
it would swing back our way in no more than 15 
million years, and possibly cause another mass 
extinction. So, since 1984 scientists have been 
scouring the sky for such an object. As more 


"In late 2016, astronomers announced they 
had found a star that was heading straight 
towards us. It’s predicted to come as close 
as O.2 light years to our Sun” 








How these giant balls of gas 
and fusion come into being 


PWiB ela e ele 












Cloud core 
The core of the molecular cloud can have a mass 
up to 10,000 times that of our Sun. This is the 

part of the cloud that collapses first. 


Stellar pairs 
It's now thought that almost all stars in the 

universe form in pairs from the same molecular 
cloud, as observed in star-forming regions. 


Molecular clouds , 
Stars are created when concentrations of 

interstellar dust-and gas, known as molecular 
clouds, collapse under their own gravity. 
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and more powerful telescopes and surveys have Tn GR nese: 
developed, they've searched our neighbourhood for System's edge may contain 
objects that could be identified as Nemesis. trillions of icy bodies 

The most intensive surveys of our solar 
neighbourhood have come from NASA's Wide- 
field Infrared Survey Explorer (WISE). This space 
telescope, launched into orbit in 2009, has been used 
to map the entire sky around Earth in infrared. In the 
process, it has discovered thousands of new asteroids 
and comets, and even some nearby brown dwarfs - 
so-called failed stars that have not been able to ignite 
nuclear fusion in their cores. 

Perhaps one of WISE’s most important discoveries 
came in 2013. That's when Kevin Luhman, an 
astronomer at Penn State University, found the 
closest star system in over a century. Together with 
his colleagues, he discovered a brown dwarf pair 6.5 
light years away. However, the chance of this system 
being Nemesis was quickly quashed, with Luhman 
saying “we can rule out that the new brown dwarf 
system is such an object because it is moving across 
the sky much too fast to be in orbit around the Sun." 

But the discovery was important for another 
reason. Brown dwarfs are, by their nature, extremely 
dim. Had a star with the characteristics of Nemesis 
been in orbit around our Sun, it would presumably 
not be too difficult to spot, being much closer than 
this particular brown dwarf system. WISE, though, 
has now been running for several years in orbit, and 
in that time it has found no evidence for a star to be 
in the orbit of Nemesis. This dealt a pretty major blow 
to the idea that a star in orbit around our Sun might 
be causing mass extinctions. 

Our Sun, though, may very well have had a twin. 
In a paper published in the Monthly Notices of the 
Royal Astronomical Society in June 2017, a team led 
by Steven Stahler from the University of California, 
Berkeley, suggested that all stars like our Sun formed 
in pairs. This was based on the discovery that our 
Sun did have a companion. Understandably, this 
brought the idea of Nemesis back to the forefront. 
“We are saying, yes, there probably was a Nemesis a 
long time ago,” Stahler said at the time in a statement. 


©Mark Garlick/Science Photo Library, John Colosimo/ESO 











Protostars Hotting up Nuclear fusion | 
The core collapses, forming multiple protostars. As gas falls onto the protostar, it begins to heat After a few million years, the core of the protostar 
They take shape from.clumps of matter that have up. This rapidly increases its size until, eventually, ignites nuclear fusion, and the object becomesia 


up to 50 times the mass of our Sun. it stops accreting gas and it becomes stable. 3 fully-fledged star with a fixed mass. 
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_ Where this controversial star would 
be located, if it really does exist 
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If it existed, Nemesis would now be at its 
furthest point, its aphelion, about three light 
bee years away from our 1) eae 





ee he 
yaaa asteroid impact? 
We The Chicxulub asteroid is 
rs thought to have hit Earth 
6” ,” Elem stoM || ee SELES i eee eed 
Ke ago, wiping out 75 per Oe ets sei ae 
/ cent of all life on Earth. eee } nen 
a ee | | se 
4 gr ee 
4 4 oa . 
A d Fug har 
4 ? “ 
wf oo ) ; ay 
a we . @ How big is the crater? ox 
af ras Uae eo a 
y K impact measures more than18O ——— Se 
Pi Pea ace Cy ,’ kilometers (110 miles) across, and 2 
J the asteroid? ie is 20 kilometers (12 miles) deep. ‘ 
es The dinosaur impactor , mei } | ae 





is thought to have been 
about ten to 15 kilometers 
(six to nine miles) in 
diameter, enough to cause 
a lot of damage. 


. @ Where the asteroid hit Earth 
ah The crater from the asteroid that 
killed the dinosaurs is located near 
the town of Chicxulub in Mexico, 
which the asteroid is named after. 
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In July 2017 astronomers 
announced evidence that all 
stars may form as pairs 


® How long it would 
take to orbit 
‘ Nemesis was predicted to 
take about 26 to 30 million 
years to orbit,.in line with |. 
the supposed periodic 
yal atel dle) Me) g 1a ty) 





ce me “I should not have used the name Nemesis 
a for the Sun's old companion. It drifted away 
eeerperenw@emees, (011 ago, and was not related at all to the 
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meaning Nemesis would | 
_pass close enough to send 
comets our way. 


almost certainly not the Nemesis we've been talking for an even bigger object right now, the hypothesised 

about here, being much too far away and unlikely Planet Nine, the existence of which has been hinted 

ever to return. In fact, it was not actually found, its at by the strange warped orbits of objects in the 

existence was instead inferred from other evidence. Kuiper Belt and Oort cloud. 

The astronomers looked at a cloud of dust and gas And that's not all. In late 2016, astronomers 

in the Perseus constellation that is a typical region announced they had found a star that was heading 

that forms stars. In this region, all stars were found Straight towards us. Namely Gliese 710, which is 

to seemingly be forming in pairs, leading them to currently about 64 light years from Earth, but in 

suggest that this rule should hold everywhere. about 1.35 million years, it's predicted to come as 
This true companion, similar in mass to our Sun, close as O.2 light years to our Sun. That, as you 

would have orbited dozens of times 4.6 billion years may have already calculated, is well inside the 

ago when the Sun was born. After about a million Oort cloud. In their paper, published in Astronomy 

years, it would have been flung away - billions of and Astrophysics, the authors Filip Berski and 

years before the dinosaurs arrived - never to return. 

If our true companion did exist, which seems much 

more likely than the existence of Nemesis, it's 

probably now thousands of light years away, and we 

are unlikely to ever find it. 
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announced in 2016. It's thought there could be many, Our Sun may have once had a companion, 
even hundreds, more of dwarf planets in the outer but it has long since disappeared from view 


! on ; “In retrospect, I should not have used the name 

a e ue ie * real Nemesis for the Sun's old companion,” Stahler tells 
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Piotr Dybczynski said this could be the “strongest 
disrupting encounter in the future and history of the 
Solar System.” Owing to its huge distance from us at 
the moment, however, Gliese 710 is almost certain 
not to be the fabled Nemesis. 

These are interesting quirks, but while they 
perhaps hint at hidden objects we cannot see, they 
are a better representation of what we can see. 
Astronomers have found gravitational evidence 
for a planet orbiting within the outer Solar System, 
and they can see a star dozens of light years away 
heading in our direction. If there was a star in orbit 
around our Sun, just a few light years away, we would 
almost certainly know about it. 

Muller, of that original 1984 paper, has his own 
take on why this might be so. In a short comment to 
All About Space, he said that WISE had not looked 
absolutely everywhere. Specifically, it could not see 
beyond the middle of the Milky Way, the galactic 
plane, where the stars are most dense. “If Nemesis 
exists, it lies close to the galactic plane,” he said. “This 
is the region that is most difficult to survey. If the 
WISE survey is complete in this part of the sky, I'd be 
very interested! Last time I looked it wasn't.” 

We asked a couple of astronomers for their 
thoughts on whether Nemesis could be hiding here. 
Luhman, who conducted that research in 2013, said 
it was pretty unlikely. “If the companion happened 
to be near a bright star (in the galactic plane or 
elsewhere) when observed by WISE, it could have 
gone unnoticed,” he said. “So there's a very small 
chance that a companion in the mass range proposed 
for Nemesis does exist. But that chance decreases 
every time that a new survey is performed and 
doesn't find such an object.” David Morrison, the 
Senior Scientist of the new Solar System Exploration 
Research Virtual Institute (SSERVI) at NASA, 
responded with a more simple answer: “No." 

If you're still not convinced, we've got one final 
nail in the coffin. In 2011, Coryn Bailer-Jones from 
the Max Planck Institute for Astronomy (MPIA) 
published a paper in the Monthly Notices of the 
Royal Astronomical Society, refuting the initial idea 
of extinctions every 26 to 30 million years. He found 
that the supposed periodical patterns in extinctions 
were nothing more than statistical artifacts, meaning 
that Earth was just as likely to suffer a major impact 
now as it was in the past. Looking at the craters on 
Earth, he found absolutely no pattern to the number 
of impacts. If anything, he found that there was a 
slight increase in impacts in the last 250 million 
years, but certainly nothing that would point towards 
a regular disruption of the Solar System. “From the 
crater record there is no evidence for Nemesis,” he 
Said in a statement at the time. 

So, where does that leave us? Well, there's certainly 
a lot of evidence for dim objects being discovered 
in the outer Solar System, and we're also getting 
much better at locating other stellar mass objects 
in our vicinity. However, the idea of a star in orbit 
around our Sun regularly causing mass extinctions 
seems exceedingly unlikely. We've found no 
observational evidence for such a star, and even the 
initial theory seems to be falling apart. Nemesis, like 
other doomsday theories, will almost certainly just 
be consigned to history as an interesting thought 
experiment - and nothing more. 














NASA's WISE telescope, now 
known as NEOWISE, has looked 
for Nemesis, but has currently 
found no sign that it exists 





We're continuing to find 
previously undetected objects 
like the dwarf planet Eris 


©NASA, NASA/JPL-Caltech 
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Your smartphone 
and your telescope 
are now best friends 
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Inspiring Tomorrow’s Inventors 





8" Dobsonian telescope 


with Push+ object locator 


8" APERTURE - Plenty of light for 
your introduction to the world of star 
clusters, nebulae and galaxies 


2" CRAYFORD FOCUSER - For 
sensitive focusing 


GP RECEIVER - For mounting any 
felescope with a GP rail 
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Robot Brain Surgery 
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always knows where itis pointing. 
The software lets you follow every 
step and find objects in a jiffy 
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all smart phones up fo 75mm in width 
SOFTWARE - The SkySafari® app 

for Android and PC programs such as 
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www.Astroshop.co.uk 





Come as a day camper or join hundreds of other young people from 
around the UK and overseas at our flagship residential camps where you 
also spend evenings playing laser tag, disassembling electronics and even » All brands 

have your own en-suite room, » 3.000 sqm of storage 


area, many items 


Want to Know More? 


immediately available 


» Personal advice locally, 
Tech Camp is the UK’s original camp of its kind and remains the only one on the phone and by 
Specialising in teaching coding through advanced take-home projects. e-mail 
It’s perfect for creative youngsters who like making things (or taking | 
them apart!) or show those who are forever playing games how to start » Superb after-purchase 
pra [ee ellie aia eee service 
_— ) recycle We have tutors from institutions like Cambridge & Imperial, maximum » Own workshop 
The possib ilities are endless. 


groups of eight, and exclusive courses not available anywhere else. including optical bench 


www.techcamp.org.uk info@techcamp.org.uk 0118 380 5678 





Astroshap.co.uk is a section of nimax GmbH. You will find 














mare information about our company at wwiw.nimax.de. 
Prices are subject to change and errors are excepted. 
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Sophie Cottis-Allan 
National Space Academy 
Education Officer 
Sophie studied 
astrophysics at 


— |- 
7 university. She has 
~~ F a special interest in 
ie 7 astrobiology and 
— 


pla netary science. 


Josh Barker 
ac. Education Team 
Presenter 
Having earned a 
master's in physics 
and astrophysics, Josh 
/ continues to pursue his 
| interest inspace at the 
National Space Centre. 


Space Communications 


Manager 

Tamela has a degree in 
astrophysics and writes 
for the National Space 
Centre Blog. She has 
eight years’ experience in 
science communication. 


Staff Writer 

Lee holds adegree 

in observational 
astronomy. He's a 
regular observer of the 
night sky and enjoys 
documenting the 
wonders of the universe. 


Science Writer 

Robin has a degree 

in physics with space 
technology anda 
master’s in hybrid rocket 
engine design. He 
contributes regularly to 
All About Space. 
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There are hopes 
of finding Earth- 
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°30 light-years of 
Earth over the 
~ next.12 months. 
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European Extremely 
Large Telescope (E-ELT) 





Arthur Bean 
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With around 100 
planetary systems 
well understood 
in terms of their 
orbital structures 
and dynamics, the’ 
GMT believe 30 to 
40 of them will be 
clearly viewable 
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Cold Jupiters 
Because the GMT 
can gather light 


=> from deep into 
ie ’ Soke Mee (ALE 
py? could see hard-to- 
find colder Jupiter- 

Teme) Flas maar 
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from their star. 


Black holes 

The GMT team 

will be looking 
specifically at 
black holes. They 
want to measure 
Wate) 
how they grow and 
steadily ingest gas, 
and whether they 
merge with other 
black holes. 
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object surfaces. 


Star clusters 
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The Moon 


Sure, mankind has 
actually set foot 

on the Moon, but 

dno YY ed er 
able to get up 

close and monitor 
SRO a eom ee Ky) 

time to study any 
possible changes. 
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How close would 
the Moon need to 
get to Earth until it 
was pulled apart? 


Michael Woods 

If the Moon was in an orbit getting 
closer to Earth, it could reach a 
distance of roughly.19,000 kilometres 
(11,800 miles) before the gravity 

CS Oe VadeMoycrervom lel lobatemIep ene T 
companion apart - this eS lalee is 
known as the ‘Roche limit; 
AVC nisi TeeT Mehr 
of 384,400 kilometres 238,855 mille 
from us and is slowly moving away, SO 


there are absolutely no concerns for <99%%q,, 


ia aikowareye)eyouniiated 7 


In.this scenario, if the Moon got 


closer to our planet, it wouldjeecomat 
deformed as Earth's tidal forces: 
overcame our lunar (efoyane-teb loses} 
gravity. Material would thenbe 
stripped off the surface, which would 
then fall towards us. LC | 
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New Horizons has already taught 
us much about the distant reaches 
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What will New Horizons do at its next target? 


Michael Woods 

The New Horizons spacecraft is most 
famous for visiting Pluto in 2015, 

but its mission is not yet over. It’s 
heading deeper into the Kuiper Belt 

- which is the larger, icier equivalent 
of the Asteroid Belt in the outer Solar 
System - towards a distant icy body 


known as 2014 MU69. New Horizons 
will encounter the icy object on New 
Year's Day 2019, meeting it at its orbit 
6.5 billion kilometres (4 billion miles) 
away from the Sun. The flyby will help 
teach scientists more about Kuiper Belt 
objects in general, which are believed 
to be leftover chunks of debris from 


the formation of the planets. 2014 
MU69 is quite small, estimated to 

be between 30-45 kilometres (20-30 
miles) across and New Horizons will 
photograph its surface, find out what 
it's made of, look for evidence of water 
activity, and determine how similar it 
is to Pluto, as well as comets. JB 





The Moon would have to 
be 95 per cent closer to 
Earth to feel this effect 


What's the 
furthest star I 
can see with the 
naked eye? 


Graham Hart 

Which star is the most distant 

is not exactly known, because 

of uncertainties in the distance 
measurements to those stars. 
Although the Gaia spacecraft, which 
is measuring the distances to a 
billion stars, should provide greater 
accuracy. One candidate is the 
supergiant binary star Eta Carinae, 
which is 7,500 light years away and 
currently glows at magnitude 4. 
Although in 1843 it briefly became 
the second brightest star in the 

sky, after experiencing an outburst. 
Meanwhile, the red supergiant 

star AH Scorpii is calculated to be 
7400 light years away, alternating 
between magnitudes 6.5 and 9.6. 
Of course, supernovae can shine 
brighter than any normal star. 

In 1987 a supernova exploded 

in the Large Magellanic Cloud 
168,000 light years away, reaching 
magnitude 3, while a gamma-ray 
burst in 2008 briefly hit magnitude 
5.3 from a distance of 7.5 billion 
light years! JB 











You can be knowledgeable in astronomy 
without ever looking at the night sky 


What's the 
difference 
between armchair 
astronomy and 
observational 
astronomy? 


Shannon Green 

Armchair astronomy is being very 
knowledgeable in astronomy, whether 
it's reading books or watching 

TV shows; whereas observational 
astronomy is heading outside to 
observe the night sky, taking in all the 
wonders of the cosmos. 

Observational astronomy ranges 
from watching the night sky with a 
pair of binoculars, to controlling an 
enormous telescope in a professional 
observatory. No-one regrets making 
the leap from armchair to outside, and 
it is a continuous source of inspiration 
to enthusiasts of the universe. 

Nonetheless, armchair astronomy 
is still entertaining and educational. 
There are many astronomy-related 
programmes, and All About Space 
review plenty of fantastic books that 
detail everything from our Solar 
System to the general universe. LC 
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Why: do some astrophysicists — a4 
think the universe is unnatural? 


Gary Kist 

In this context, unnatural does 

not mean artificial. Here it means 
instead of tumbling naturally out of 
mathematics, there seems to be no 
good reason for why the fundamentals 
of the universe are the way they are. 





Some microbes have 
survived the harsh 
conditions of space 
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The problem is that the universe 
seems remarkably fine-tuned to 
support stars, planets and life. If 
the mass of the proton were a little 
heavier, atoms could not form 


molecules, or if gravity were slightly 
weaker, the stars could not instigate 
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nuclear reactions to produce energy. 
One explanation is that we exist in a 
multiverse of infinite universes, each 
with different laws of physics, and 
we just happen to be in this Universe 
because we couldn't exist in a 
universe with different properties. SA 
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Can any life 
forms exist in the 
vacuum of space? 


Henry Miles 

To survive, life forms would need to do 
three things: survive being in a vacuum, 
deal with extremely low temperatures, 
and cope with high levels of radiation. 
Complex, multi-cellular life wouldn't 

be able to survive in a vacuum, but 
microbes might. Microbiologists have 
discovered extremophiles - microbes 
that can survive in extreme conditions 
- such as Deinococcus radiodurans, 
which can survive high levels of 
radiation, as well as a vacuum, a lack 
of water and cold. Microbes have been 
known to survive journeys into space. 
It is possible that 377 bacterial strains 
were accidentally taken to Mars on the 
Curiosity rover, although no-one knows 
if they survived the trip. One microbe 
that did survive a trip into space was 
Streptococcus mitis, which hitched a 
ride to the Moon onboard Surveyor 3 
before being brought back to Earth by 
astronauts on the Apollo 12 mission. JB 
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4 SPACE EXPLORATION 


What can studying 
the ice giants 
tell us? 


Jasper Grant 

Although Uranus and Neptune are 
both very different to Earth, learning 
more about them can still help teach 
astronomers about both our own 
planet and exoplanets that we are 
discovering around other stars. For 
example, understanding how and 
when Uranus and Neptune formed 
fills in another piece of the jigsaw of 


a 
fs early Earth. SA 


Y . 7 how the planets in the Solar System 
- > were built, and how the formation 
i : rw Ps of the other planets affected the 


Olivia Andrews the light in a straight line, meaning down near the floor to look through 
There are two main types of the focal point, which is where the the eyepiece. 

telescopes: reflectors that use mirrors eyepiece is located, is at the opposite A star diagonal fixed to the eyepiece 
to focus light, and refractors that use end of the telescope tube to the end prevents this by reflecting the 
lenses. In a reflector, the light can be opening aperture. This is fine for when light by 90 degrees, so that the 
reflected to a comfortable viewing looking at objects on the horizon, but eyepiece is now off to the side, like on 
position, off to the side of the telescope for looking at objects near the zenith a reflecting telescope, which makes 
tube, but the lenses in refractors focus (directly above) you would have to get refractors more comfortable to use. TM 
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Why do rocket 


exhausts look 
different? 


Whilst all rockets follow the same basic 
principles, they use many different 
propellants, making launches look different 
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When the Shuttle launched, it rose on twin towers 
of bright white smoke issuing from its boosters. 
Soyuz and Falcon 9 had an orange to yellow 
flame, leaving little smoke; these differences are 
caused by the propellants used by these vehicles. 
Rocket propulsion falls into three categories, solid 
propellant motors, where both fuel and oxidiser 
(the source of oxygen) are solid substances mixed 
up together, bi-liquid engines, where two liquid 
propellants are kept in tanks before being mixed 
and burnt in a separate chamber, and hybrid 
engines, with one liquid and one solid propellant. 
Each combination of propellant has a 
characteristic temperature and exhaust mix. The 
Space Shuttle had a combination of systems with 
solid propellant boosters and liquid hydrogen- 
oxygen bi-liquid engines. The solid propellant is 
a mix of 69.6 per cent ammonium perchlorate 
oxidiser, 12 per cent rubber binder, and 16 per 
cent aluminium dust; even though the rubber 
contributes too, the aluminium is considered 
the actual fuel. This produces bright yellow 
flame and a lot of smoke, including aluminium 

















droplets. During the Shuttle's operations it was an 
ongoing controversy that this pollution was being 
showered over the Florida waters. By contrast its 
three bi-liquids were much less obtrusive, visually 
and environmentally. When hydrogen and oxygen 
are burnt they produce only water, the 3,300 
degrees Celsius (5972 degrees Fahrenheit) efflux 
of water vapour radiates strongly in infrared but 
little in visible light. This can be seen in footage of 
shuttle launches with the main engines producing 
a transparent blue looking efflux with bluer 

shock diamonds in it. Rocket engines produce 

a supersonic flow of gas, properly designed, the 
high pressure gas in the chamber should reach the 
speed of sound at the narrow throat, accelerating 
even further as the funnel-shaped nozzles convert 
the pressure into speed. At the point the gas leaves 
the nozzle it should be at the same pressure as the 
surroundings, and all travelling straight back from 
the rocket. This process also creates the diamond- 
shaped shockwaves visible in some exhausts. 
Hydrogen is the top end propellant — it produces 
the best performance — but many designers have 
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considered it not worth the effort, as it needs big 
insulated tanks because it’s so cold and diffuse, 
with ten per cent the density of the kerosene used 
by Saturn V, Soyuz and Falcon 9. This is also burnt 
with oxygen, but produces mostly carbon dioxide. 
Though best performance is achieved by running 
slightly fuel rich, the extra carbon in the exhaust 
produces the opaque yellow-orange plumes and 
slight smoke. 

Possibly the most curious engine characteristic 
belonged to the British "Black Arrow’ satellite 
launcher - in the beginning, it was decided to 
use kerosene combined with hydrogen peroxide. 
Hydrogen peroxide has many advantages - it's 20 
per cent denser than oxygen and doesn't need 
refrigeration. It doesn't produce as much energy 
as kero-ox, but mixes with kerosene at 8/1, leading 
to compact rockets that are mostly one big tank 
with a little one for the kerosene. Its exhaust is 
comparatively cool water and carbon dioxide, so 
Black Arrow's combustion was invisible, films 
show the rocket seemingly levitating off the pad 
with no sign of flame. RH 
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Dr Kubo Macak 

Dr Macak is an international 
lawyer and senior lecturer in law 
at the University of Exeter. He 

is working with an international 
group of experts on a legal space 
war manual called MILAMOS - 
the Manual on International Law 
Applicable to Military Uses of 
Outer Space. It aims to clarify 
how the military may make 

use of outer space during both 
peacetime and armed conflict, 
and it will cover incidents such as 
the firing of lasers, the hacking of 
Satellites and the responsibility 
for clearing any debris caused by 
armed conflict in space. Dr Macak 
graduated with a degree in law 
from Charles University in Prague 
and he completed his doctoral 
thesis, entitled Internationalised 
Armed Conflicts in International 
Law at the University of Oxford. 


How did the Manual on International Law 
Applicable to Military Uses of Outer Space (or 
MILAMOS) come about? 

The project started in 2015 but its very origins go 
back a little bit further. It was conceived by Wing 
Commander Duncan Blake who is now an active 
reserve in the Royal Australian Air Force and the 
deputy editor-in-chief of the manual. He came up 
with the concept in his Master's thesis, which he 
finished in 2014 at McGill University in Canada, and 
he has worked hard to bring the project to reality, 
managing to convince people that it was the right 
time for a project of this kind. The wheels started 
turning in 2015 and invitations to experts around 
the world began being sent soon after. The project 
officially launched in May 2016. 


When did you get involved? 

I joined in the summer that year and I became 

part of a group of experts focusing on international 
humanitarian law, or the law of armed conflict. My 
university, the University of Exeter, has since joined 
the founding institutions and now the MILAMOS 
project is led jointly by McGill University, the 
University of Adelaide and the University of Exeter. 


The existing space law treaties were drafted in the 
1960s and 1970s. Have they become outdated? 

I wouldn't say that the treaties have become 
outdated. It is true that they are a testament to the 
era in which they were adopted. However, to my 


“I came across a paper from 1962 in which 
the US acknowledged that they were using 
Space for military purposes’ 


Some civilian-owned satellites 
contain transponders which are 
used by the military and the 
space war manual will seek to 
address their use in conflict 





Dr Kubo Macak 


mind, the crucial problem we're facing does not 
concern the time that has passed since then. Rather, 
it lies in the near absence of acknowledgment in 
law that space affairs then and later would be used 
for military purposes. We are more than capable of 
interpreting laws that have existed for a while which 
you clearly see with, for example, the European 
Convention on Human Rights. It was drafted in 
1950 but it is seen today as a “living instrument” 
and the Strasbourg court interprets its provisions 

on a daily basis. The same goes for the Geneva 
Conventions of 1949, which are meant to regulate 
the conduct of hostilities and protect the victims of 
armed conflict. Almost seven decades have passed 
since the rules were adopted but they are still very 
much implemented by the militaries around the 
world every day. But we don't have rules that would 
expressly regulate military conduct in outer space. 


Was space war a possibility when the existing 
treaties were created? 

Well, not so long ago I came across a recently 
declassified confidential position paper from 1962 
in which the US acknowledged that they were 
using space for military purposes. They also said 
the Soviets were doing the same thing; it has been 
clear from the start there was a heavy military 
involvement in the use of space assets but there is 
a lack of clarity as to rules which would regulate 
this kind of conduct. Not only are the current rules 
of space law mainly focused on the peacetime 
exploration of outer space, but in addition the body 
of law that regulates the conduct of hostilities 
practically doesn't mention outer space at all. It is 
therefore debatable whether those laws extend to 
outer space. If they do, we then get to the matter of 
how precisely they could be applied. It means we 
have this mismatch, which we're looking to address 
in the project. 


To what degree is space war a threat to the world 
and has it increased? 

That's a good question but I think we need to 
distinguish two things. One is the growing threat 

of conflict in outer space which, as a concerned 
citizen I hope will never happen for obvious reasons. 
The other is the adequacy of the law that we have 
should such a conflict break out. As a lawyer, I feel in 
a better position to look at the second question: that 
is, to what extent is the law adequate and what are 
the type of situations we are looking at? At the same 
time, we see that the potential for a grave impact on 
civilians does exist. If satellites that we rely on are 
disabled or destroyed, for instance, our quality of life 
and even survival may be in peril. We are dependent 
on satellites in many areas of life, from weather 
forecast to navigation to global finance and so on. 


Have we seen any specific evidence? 

You could say that a threshold moment in the 
community was the anti-satellite missile test in 2007 
during which China destroyed a Chinese weather 
Satellite using a kinetic kill vehicle. It showed the 
military capabilities are there and that a conflict in 
outer space is within the realm of conceivable. We 
thus need to understand what rules and constraints 
apply to behaviour in outer space. 
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So what kinds of things will the manual be 
focusing its attention on? 

There are three groups of experts involved. The 
first group is looking at the security and military 
applications of outer space in times of peace such 
as that which exists today in most of the world. The 
second group of experts is looking at the law on the 
use of force: that is, the military uses of outer space 
at times of international tension. The third group, 
which is the group that I'm a member of, looks at the 
military uses of outer space during armed conflicts. 


Why are they important? 

All three groups are important as they cover different 
areas of international law. Let's take the second 
group for example, their main question is when 

a state may resort to force. The primary resource 
here is the Charter of the UN and the general rule 

is that states must refrain from using force against 
other states. There are two exceptions to this rule. 
The first is that if a state has been the victim of an 
armed attack they may respond by using force in self 


defence. The other exception is that force may also be 


authorised by a Security Council resolution adopted 
under Chapter VII of the UN Charter. However, 
these legal prescriptions pose a number of questions 
specific to outer space. We may question what level 
of interference with a satellite amounts to an armed 
attack and what may be a permissible response. 


What are you looking at in relation to the military 
use of outer space during armed conflicts? 

Let's say we have a dual-use satellite with civilian 
and military capabilities. The first legal question is 
whether it can become a targeted object in times of 
war at all, then even if the law says that due to its use 
for military purposes the satellite becomes a military 
objective, we still have to look at the questions of 
proportionality. If attacking that object results in 
excessive collateral damage to civilians or civilian 
objects, it would be prohibited by the law of armed 
conflict. But how do we measure collateral damage 
in the unique environment of outer space? Of course, 
any kinetic destruction creates a great problem in 
space. That's because if an object is destroyed in 
outer space and turns into debris, that debris is 





There is a worry that the military targeting of objects 
in space, such as satellites, will lead to an abundance of 
damaging space debris 
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Real-life space war will 
not be a game. MILAMOS 
will be an authoritative 
Seca ene a Melem eae 
limitations of the use of 
force in outer space 





"If satellites that we rely on are disabled 


or destroyed our quality of life and even 
survival may be in peril" 


spread on orbit and it can pose risks to other objects 
that share that same orbit and even beyond. It is a 
new problem for which we do not have an equivalent 
terrestrial conflict, so we need to look at what the law 
says and to what extent it can be reinterpreted to fit 
this novel situation. 


How future-proof will the manual be? 

The aim is to produce a future-proof document, 
which is why we are discussing situations that may 
be hypothetical right now but might well occur 

in future. We're able to rely on the assistance of a 
group of technical experts who are specialised and 
knowledgeable in the domain of outer space. These 
physicists, space security experts and military 
experts are making sure we lawyers remain within 
the limits of what is currently or hypothetically 
possible. For example, there is a debate among 
physicists about whether so-called orbital bombs - 
bombs which can be dropped from orbit on any place 
on the planet - are not only possible but viable. I have 
learned that even if this was possible, it would be a 
very expensive method of warfare but it still poses a 
legal problem. Such a thing would fit under the broad 
category of space-to-Earth military operations. Of 
course, I cannot comment on the exact rules that the 
project will identify, but to be future-proof, its rules 
should be capable of application to such technologies 
as may be developed later on. 


Which countries will take the manual on board? 
It's important to make clear that we are not talking 


about the adoption of a binding treaty. The manual 
is anon-governmental initiative and the group of 
experts working on the project are acting in their 
own personal capacity. We do not represent the 
institutions we are from and even those experts that 
come from governments don't represent the views of 
their countries. 


So what would be the value of such a manual? 
The idea is to create a primary reference point. Since 
there is this mismatch between space law focused 
on peacetime exploration of outer space and the 

law of armed conflict focused on terrestrial conflict, 
we have a gap in the understanding of the law. The 
aim is to produce a manual that will answer some 
of the questions that arise because of this gap. So if, 
for example, legal advisors working at ministries of 
defence or foreign ministries need to work out the 
answer to a legal question about military uses of 
outer space, we'd hope they will reach for this manual 
to find that answer or at least to find interpretations 
that they can either agree or disagree with. 


Are there precedents for this type of approach? 
Yes, there have actually been several non-binding 
manuals of this kind for various domains - maritime 
warfare, air and missile warfare, even cyber warfare. 
Actually, the most recent one is the Tallinn Manual 
on the International Law Applicable to Cyber 
Operations which was directed by a colleague at 
Exeter, Professor Mike Schmitt, who is also involved 
in a leading role in the MILAMOS project. The second 


edition of the Tallinn Manual was published earlier 
this year and it involved an international group of 
experts and observers from various governments. 

In fact, more than 50 governments submitted their 
observations on the Tallinn Manual which shows 
states really do take such initiatives very seriously. 
So the hope is that MILAMOS will also become a key 
reference point and that, in this way, it will improve 
our understanding of international law in this area. 


Will it also focus on the responsibility of 
individuals? We know, for example, that you're 
looking at whether people who alter satellite 
images to make them appear as military objectives 
could be seen as war criminals if it leads to an 
object later being targeted... 

Yes, international law doesn't only apply to 

states, some of its rules also apply to individuals. 

The prevailing interpretation is the entirety of 
international law is in principle applicable to outer 
Space activities, but how precisely it applies is left 
open. The example you have mentioned is a good 
illustration of this problem. It is clearly a war crime to 
deliberately attack civilians during an armed conflict. 
However, a cyber operation against a satellite, which 
misleads the adversary and thus results in the death 
of civilians, is an entirely new type of situation. 

The manual will aspire to bring clarity to such 

new situations and in this way, close the currently 
existing gap in our understanding of the law. 


When will the project be complete? 

The project started officially in May 2016 and we have 
three meetings each year. Now that the University of 
Exeter has formally joined the organising institutions, 
we will also host a rule-drafting workshop in 2018. 

So we look forward to welcoming all the experts 

in Exeter next year and the anticipation is that the 
whole project will finish in 2019. 


TALLINN 
MANUAL 2.0 
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There have actually been several non-binding manuals 
in the past, including the Tallinn Manual on the 
International Law Applicable to Cyber Operations 
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These are the life forms we should be hunting. 
for - and they could be closer than we thought 


Written by Lee Cavendish 


61 7 


Life but not as we know it 


ife as we know it is a peculiar thing. It's determined by so many 
environmental factors, resulting in the nature and intelligent life 

we now know. It began 3.8 billion years ago, when the Earth was only 
700 million years old, covered with single-celled bacteria. This evolved 


Life's 
formula 


into the birds flying in the sky, the fish swimming around the vast oceans, 
animals of every colour adventuring around the land, but most important of all, it 


led to the evolution of humans. 


Even the simplest life on Earth has countless requirements needed to survive 
our environment, such as water, organic materials (mainly carbon-based) and 
energy. Without one of these sources, they're doomed to fail, which is why life 
beyond our world is unlikely, because they lack at least one of these aspects. 

It’s only until recently that astrobiologists have had the opportunity to examine 
alien conditions with such precise detail. Landers and rovers on the surface of 
Mars have provided astronomers with unprecedented detail of the Martian surface, 
but the results seem to pose more questions then answers. Further out in the 
Solar System, we have had revolutionary spacecrafts that have revealed the worlds 
in our solar neighbourhood in a whole new light. This has made scientists and 
astronomers worldwide completely rethink what we thought we knew. 

Spacecraft such as NASA‘s Cassini above Saturn, Juno orbiting the king of 
the Solar System, and New Horizons, which zipped past Pluto back in 2015, have 
shown us that planets may in fact have some subsurface sources of energy, water 
and organic materials that have made us rethink the habitability of these planets 
as well. Searching beyond our own Solar System, space telescopes such as Kepler 
and Hubble are hunting for worlds orbiting other stars (also known as exoplanets). 

Kepler alone has discovered roughly 1,200 exoplanets, and the number is rising 
all the time. With such a variety of environments, the question that has been 
begged for centuries is: what would life on these alien worlds look like? 


Organic compounds 
Organic compounds all 
contain carbon, which is 
vital for life on Earth. 

It provides us with 

food to eat, among 

other substances. 


Wonders of water 


ia t=lg24V ae) bl ca 

All living organisms 
require energy, such as 
TUT] 4g) aaa CML) 
for photosynthesis. 


Water not only fills our lakes 


and oceans for us to 
drink, but in humans 
it makes up to 60 
per cent of our 
bodies. 


Radiation-resistant organisms 


Mars is a planet we have studied in 
Spd (a)ONome(<1e-H MM MONiSMiswelenle)NNelclem ey 
the fact that, as of 4 July 2017, there 
hasn't been a day in 20 years that 
NASA hasn't been active on Mars. 
That is 20 years of exploration, 
Samples and constant analysis, which 
lotic) SOO MU IMU Oc lMURlem\y -lSUC-IO MIU Sccl@e 
is incredibly harsh and dangerous 
for life. The results have shown that 
Mars has EVEN no atmosphere, 
causing the surface to be constantly 
bombarded MTom ate ee Taner N 
ultraviolet radiation from the Sun. 
This radiation is the reason the 
Meee MV EleBeteCHolcceecias|)e\ceke)i 
its water, evainleets a dry wasteland of 
rock and isle se 
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With this said, astrobiologists 
have now started studying a 
particular category of bacteria called 
extremophiles. Much like the name 
suggests, these are bacterium that 
thrive in extreme conditions, perhaps 
eA ceM=> qaecl(eCocn ge) eoyele iu (e)e 

“Extremophiles, as we call them, 
are the sort of things that survive in 
similar harsh environments on Earth. 
Extremophiles that are desiccation 
resistant, or radiation resistant, are 
the sort of organisms that could 
survive the Martian surface as well,” 
astrobiologist Lewis Dartnell, a 
Professor of Science Communication 
at University of Westminster, tells All 
About Space. “Martian life would look 


identical to the bacteria on Earth on 
the face of it, like tiny cells, but they 
ES Proc Woncasicit evolved 
to survive that harsh environment. 
Maybe by eating the iron and — 
minerals in the rocks, like life on 
Earth does as well.” = 
NAVA a orn irelsl cole NMRURLSKoM Vee lsiel 
particular extremophile that could 
survive the barbarous conditions 
of Mars, Dartnell replies, “One of 
the bacteria I have been working a 
lot with is called the ‘Deinococcus | 
radioduran'’, It's the most radiation- 
resistant organism known on Earth, 
so Martian bacteria would have to 
have certain adaptations to survive 
the radiation requirement on Mars.” 
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Deinococcus radioduransis f 
the most radiation-resistant 
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ocealhis teaming 
with life 
Europa is one of Jupiter's moons, but sits 241,000 

kilometres (150,000 miles) further out in its orbit around 
the gas giant than sister moon Io. Europa has become an 
exhilarating target for astrobiologists, as in recent years a 
lot of Europa’s interior has become apparent. This interior 
appears to have an ocean just below the surface, which is 


what is replenishing the face of the icy moon, giving it the 
appearance of a young stellar body. 


What makes this ocean so tantalising is that it could rT 
be the most habitable region in the Solar System, bar Perhaps Europa 
Earth. Similar to its celestial sister lo, Europa endures tidal 
heating because of the powerful gravity of Jupiter. has rat lpysunaye chance 

“Perhaps Europa has a better chance of life surviving . : oe 
today than Mars does, because Europa we think still ei thre SUTVIVITIE 
provides a warm, wet, habitable environment. Whereas " 
Mars is now very cold, dry and hostile on its surface,” says to Gry, than Mars 
Dartnell. “Europa might be habitable for marine bacteria, | 
like we have on Earth, and potentially things that are 
more complicated than bacteria. But we don't know as we 
haven't explored there yet." 

If there was a complex life to exist in this environment, 
one particular creature springs to mind, and it’s called 
the tardigrade. Also known as the water bear, it's a 
microscopic animal that resides in a variety of conditions, 
but is indigenous to water regions. Tardigrades are not 
considered an extremophile, but can certainly survive 
a variety of extreme conditions, including temperatures 
ranging from 1 Kelvin (270 degrees Celsius) to 420 Kelvin 
(145 degrees Celsius), heavy radiation and even a wide 
range of pressure. In 2011, the tardigrade even became the 
first animal to survive in space, conquering the freezing 


temperatures, radiation-filled and oxygen-deprived 
vacuum of space. 
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Life but not as we know it 





Could life be surfing the 
constant storms above Jupiter? 






The king of the Solar System, Jupiter, 
is approximately 140,000 kilometres 
(87000 miles) in diameter, covered 
in tempestuous winds and an 
atmosphere that never touches a 
surface. The outer layer of Jupiter 
exists as clouds of gas, down to 
liquid hydrogen in the middle, and 
towards the centre the pressure and 
temperature are so great that it’s just a 
pool of metallic hydrogen. 

On a more positive note, there is 
one thing Jupiter has that is required 
for life... organic compounds. With 
an atmosphere full of hydrogen, 
helium, water and ammonia, possible 
life forms would have the chance to 
metabolise these compounds. 

This does not paint a picture of a 
place suitable to inhabit any form of 





We are learning so much about Jupiter 
thanks to NASA's Juno spacecraft 
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Floating life riding 
the Jovian winds 
“Larger than the 
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greatest whale 
there ever was, 
beings the size 
of cities” 


life that we know, so it's possible to 
think that this life form is something 
completely abnormal. The late, great 
Carl Sagan, a famous astrobiologist and 
science communicator, once described 
a type of creature that might exist in 
his documentary Cosmos: A Personal 
Voyage. “The physicist E. E. Salpeter 
and I at Cornell have calculated 
something about the other kinds of 
life that might exists on such a world,” 
Said Sagan. 

“Vast ‘living balloons’ could stay 
buoyant by pumping heavy gases 
from their interior, or by keeping their 
insides warm,” Sagan continues. “They 
might eat the organic molecules in the 
air, or make their own with sunlight, 
we Call these creatures ‘Floaters’. We 
imagine floaters kilometres across, 
enormously larger than the greatest 
whale there ever was, beings the size 
of cities.” 


— 


SRV et eae Ce 


Titan is Saturn's largest moon, 
and provides an elusive target for 
astronomers. It's covered in a thick 
orange atmosphere, shrouding all the 
mysterious behaviour underneath. 
On 11 January 2005, things changed 
when the Huygens probe detached 
from the Cassini spacecraft, 
and forged its way through the 
atmosphere, divulging the surface 
for the first time. Huygens pictured 
the landscape of Titan, showing a 
rocky, sandy, dull terrain as far as 
the camera could see. What wasn't 
Shown in the image were the lakes 
and oceans of hydrocarbons, such as 
methane and ethane. 

Before the Huygens detached, 
the Cassini spacecraft imaged the 
surface of Titan, and underneath 
the clouds showed huge lakes. The 
only compounds that could exist in 
liquid form at such low temperatures 
(94 Kelvin/-180 degree Celsius) are 
methane and ethane. Although 
this is a world full of useful organic 
compounds, which Earth is currently 
in desperate need of, it doesn't 
provide a suitable environment. 

For life to exist on this moon, 
you would have to change the 


SMa B ionomers 
taken after Huygens’ 
success landing on 
Titan's surface 


fundamental biology of our cells. 
Our cells rely upon blobs of water 
surrounded by phospholipid bilayers, 
which simultaneously attract and 
repel water to produce these stable, 
permeable cells. 

In 2015, scientists at Cornell 
University suggested a new type of 
cell membrane called an ‘azotosome’, 
which could theoretically function in 
a liquid methane. James Stevenson, 
a chemical engineer at Cornell 
University, described this as “the first 
concrete blueprint to life not as we 
know it”. 

This new cell membrane is 
made up of nitrogen, oxygen and 
carbon, instead of the phospholid 
bilayers we use, but could potentially 
still remain stable and flexible 
without the presence of water or 
oxygen. Although this seems like 
a microscopic step, it is the first 
important stage to developing 
life that could survive in such a 
peculiar environment. 





© NASA/JPL/ESA, ©James Stevenson et al. 


Life but not as we know it 
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Exoplanet exploration i EB ileKot astronomy. that is constantly becoming more 
exciting and groundbreaking. There is one particular exoplanet that has become 
' famous due this research, and that is Kepler-16b. 

AUP sr-tip oral cB C So) lie) oso cteslol Uc miomder- lio mae Be aclt ee circumbinary. 
oe teae a planet that orbits two stars. If you have ever seen the Star Wars films, 
Kepler-16b is similar to the planet Tatooine, but unfortunately it doesn’t share the 
same rocky surface. Kepler-16b is slightly larger than RIAU eMAVsin elle] ee ley 
density, so the planet seems to have no surface at all. 

If future analysis showed Kepler-16b to have an Earth-like ertaicontatctd it could 
house the most incredibly exotic plant life. Because these Seve elsaViMelneCootie Lae (ess 
energetic light than our Sun, the photosynthesis process is oan ach laretaliclek 

Jack O’Malley-James, currently of Cornell University, but at the time of the study 
of University of St Andrews, has investigated what plant life would look like on 
exoplanets due to the change in its photosynthesis process: “The temperature of a 
star determines its colour, and hence, the colour of light used for photosynthesis. : 
Depending on the colours of their star's light, plants would evolve very differently. 
Plants with dim red dwarf suns for example, may appear black to our eyes, 
absorbing across the entire visible wavelength range in order to use as much of 
the available light as possible. They may also be able to use infrared or ultraviolet 
radiation to drive photosynthesis." 

Based on this research, because Kepler-16b contains a less energetic K-type main 
sequence star and a M-type dwarf star, the plant life on Kepler-l6b would most 
probably be black to absorb as much light as necessary. 


Imagine a.world where 
each day came toa » 
* close with two. 
Bes] Oe lCekiee ats cies 


Io is the innermost Galilean moon of Jupiter, and being 
this close to the Jovian giant isn't good for the state of the 
moon. Not only does Jupiter's radiation wreak havoc across 
the surface of Io, but the gravity of Jupiter also causes the 
continuous pushing and pulling of material underneath 
the surface. This continuous motion produces a lot of 
heat being released due to friction (also known as tidal 
heating). As the heat builds up, it gets to the point where 
it explodes onto the surface in a spectacular volcanic 
eruption, resulting in the sulfur plumes we have witnessed 
via spacecraft observations. 

Based on this information, many would think that life 
is practically deceased on this moon, but the astrobiologist 
Dirk Schulze-Makuch of Washington State University 
explains, “Life on the surface is all but impossible, but if 
you go down further into the rocks, it could be intriguing. 
We shouldn't categorise it as dead right away just because 
HeseOYT—), 40 3] anton 

Schulze-Makuch suggests that microbial life could 
exist in the lava tubes within Io, as it has been previously 
proven on Earth that extremophilic life can thrive in lava 
tubes. Shulze-Makuch goes on to explain that the lava 
tubes can not only shelter microbes from outside radiation, 
but also provide insulation to trap heat and moisture, 
as well as provide sulphur-based compounds for the 
extremophiles to metabolise. Yet again, this calls for major 

evolutionary adaption. 


Extremo il tts Considering the internal heat 

)u of Io, it’s possible these lava 
tubes are occupied 

iter yt away Th by ‘hyperthermophiles’, as they 
can thrive in temperatures 


the lavatubes °°" 
degrees Celsius). 


© ESA/L. Ricci, © NASA/Caltech, © Royal Astronomical Society, © David A. Aguilar (CfA) 





Life but not as we know it * 


TRAPPIST-1 SY 


Life that's 
transferred in 
collisions 


In February of this year, the astronomical community 
rejoiced at an announcement stating that a planetary 
system of seven potentially habitable planets had been 
discovered 39 light years away. Of these seven planets, 
three of them have potential to hold liquid water, so 
astronomers worldwide began working hard to uncover the 
secrets of the TRAPPIST-1 system. 

Since the discovery, research has shown that these seven 
planets are closely packed together, with the outer planet 
orbiting the host star at a distance of 0.06 Astronomical 
Units (AU). An astronomical unit is the distance between 
our Sun and the Earth, so to be at 0.06 AU makes it even 
closer to its host star than Mercury is to the Sun. As the 
TRAPPIST-1 star is a M-type dwarf, its size and intensity is a 
fraction of our Sun's. This leads to the habitable zone - the 
distance from a star where water can exist as a liquid - 
being extremely close to the star. 

This led to a group of astronomers at the University of 
Chicago proposing that space debris, coated with bacteria 
and single-celled organisms, could be transferred to the 
other planets in the planetary system. 

“Frequent material exchange between adjacent planets in 
the tightly packed TRAPPIST-1 system appears likely,” says 
Sebastian Krijt, an astronomer at the University of Chicago. 


“If any of those materials contained life, it's possible they 
could inoculate another planet with life.” 

So, if a meteor were to crash into one of the TRAPPIST-1 
planets harbouring bacterial life, the space debris would 
be consequently launched into space with remnants 
of this bacteria. Before long, this debris would be at its 
neighbouring planet, passing life on a whole new world. 


© ESO/M. Kommesser 
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Life but not as we know it 
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This Voyager 2 image shows the clouds on 
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e @ i = 
Balloon life forms with — —— | much like the floaters would do 
antifreeze systems a 


Neptune is the farmost known large planet in the Solar System, and 
therefore the coldest, with a surface temperature of 72 Kelvin (201 
degrees Celsius). This ice giant is 17-times more massive than our Earth, 
with the most ferocious winds in the whole Solar System, reaching speeds of 
2,200 kilometres per hour (1,300 miles per hour). 

This is arguably the most inhospitable environment in the Solar System, 
and no form of life as we know it would have a chance of surviving here. The 
closest thing that astrobiologists can think of is a ‘Floater’ similar to Jupiter, but 
with certain adaptations to survive a different surrounding. 

With the freezing temperature of Neptune, the Neptunian floater must have 
compounds in its system with an extremely low freezing point. The most likely 
candidates are a series of amine compounds - which is a derivative of ammonia 
- that is naturally an antifreeze. 

Another important aspect of survival is its buoyancy, as Dartnell explains: 
“You'd need to remain buoyant in the atmosphere, just in the same way you'd 
need to with Jupiter.” This buoyancy is what will stop the life form from falling 
to extreme pressures, and eventually, its demise. 

This life form must be enormous in size, as it needs to absorb as much 
precious sunlight as possible. However, with winds whisking the floater around 
at such high speeds, it would have to leave the sunlit area soon after its arrived. 
Not to worry though, as doing one lap of Neptune - going at its wind's speed - 
would only take seven hours. This creature would only have disappeared a few 
hours before it returned back to a sunlit area. 

Even if this is hypothetical and very imaginative, it is still the best way for 
someone to think in a field that requires so much creativity and originality. 






© NASA/JPL, © Tobias Roetsch 


UENCELAD 
Giant tubeworms 


thriving off the 
hydrothermal vents 


Moving to another satellite of Saturn now, there is one moon that astrobiologists 
have discovered to be comparable to Europa. “Enceladus and Europa have probably 
got similar environments, so life would probably need to be less extremophilic 

to survive there,” says Dartnell. Enceladus is also much smaller in comparison to 
Europa, being roughly twelve times smaller. 

In 2005, the Cassini spacecraft observed the frozen surface of Enceladus, and 
caught an unlikely event occurring. In the southern region of the moon, plumes of 
ice appeared to be erupting from the surface, like the geysers we know on Earth. 
A slight change of course for Cassini was then initiated, and the spacecraft threw 
itself through the plumes to investigate further. The results showed that these 
plumes were grains of silica, which helped identify the interior composition of 
Enceladus from which it originated. 

From these results, scientists concluded that there is a subsurface ocean, similar 
to Europa. This begs the question, what on Earth could arise in the depths of an 
ocean whilst being heated by the interior? The answer is hydrothermal vents. 
These vents are so deep down on the seafloor that no sunlight touches them. But 
on Earth, the magma towards the core heats the seafloor, exposing a mineral-rich 
vent for different forms of marine life to thrive. 

“They may be different, but all hydrothermal vents tend to have not just bacteria 
and other microorganisms, but large, multicellular, complex organisms as well,” 
says Morgan Cable, an engineer for the Cassini mission and research scientist 
for NASA's Jet Propulsion Lab. Such complex organisms could include giant 
tubeworms, which survive in equivalent conditions on the floor of the Pacific. 


Deep in the Pacific Ocean 
are giant tubeworms, 
thriving off hydrothermal 
vents with no sunlight 


67 








Future Tech Mach propulsion 


A whole lot of shaking to the stars 


PROPULSION 


A new NASA ai is investigating a bizarre propulsion concept 


"With Mach propulsion we 
could reach the Moon in four 
hours, Marsin five daysand 
es in a week!" 7 
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' - Nuclear power 
4 / A Mach ship would be incredibly 
efficient, reusing its reactive mass 
| and not accelerating reserves of 
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fuel, but to travel into deep space 
it would need a nuclear reactor to 
provide enough energy. 









Prospective Mach ship ~ 
The team hope to be able to use 
data from the project to create an 
example design study for a Mach 
ship to carry a 40Okg payload to Mach thrusters _ 
Proxima Centauri (4.2 light years Rao tae 
a Ree ee En vibrating solids with no separate 
parts, it may be possible to 
produce large thrusts by mass- 
producing tiny modules like 
electronic components. 




















journey; to go further 
re and even that 





Pee aan AON to investigate a concept called 
Mach propulsion, named for German physicist 
Ernst Mach, who is also the namesake for Mach 
numbers. As well as studying fluids, Mach proposed 
a concept of inertia, which is the way objects take 
exertion to speed up and to slow down again. The 
leading theory of inertia is that it is the result of the 
cumulative gravitational effect of the entire universe 
acting on every piece of matter. The inertia of our 
reactive mass is what gives our rockets something 
to push against, but imagine if we could change 
the inertia of our reactive mass. If we could push 
a mass backwards and then reduce it's inertia, we 
could recover that mass and not move as far back 
as we have travelled. If we could then increase its 
inertia we could push on it again, travelling forward 
by repeating this cycle, and this what Fearn believes 
might be possible. 

Serious theory suggests that the inertia of an 
object may fluctuate as it absorbs energy, but so 
quickly and on such a small scale that we don't 
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a lump of brass that 
acts as an unvarying 
foundation mass, 
like the bulk of the 
potential spacecraft. 
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Test thruster 
A crucial part of the new 
project is laboratory tests 
to try to discover ways of 
scaling up the tiny thrust, 
using scale models. 


Capacitor — 


Fearn and Woodward's theory suggests that if 
a Capacitor (also here formed by the stacked 
discs) absorbs energy whilst accelerating it will 
fluctuate in mass around its stationary value. 


Mach propulsion 


y =. 


eC) AY a gale 
A stack of piezoelectric 
discs acts as both the 
source of mechanical 
movement and the 
7] aY/ [ate ay-(el Year oe 








~ Piezoelectric discs 
Piezoelectric material 
expands slightly when 
electrified, making the 
whole stack vibrate 

against the brass lump. 





“What we need is a new way to propel craft 


that doesn't relay on leaving stuff behind, 
that can react against the universe itself" 


notice in daily life. Dr Fearn’s colleague Professor 
James Woodward first proposed Mach propulsion, 
and they hope to employ this effect to enable a 
spacecraft to recover its reactive mass and use it 
again. Their experimental set-up consists of a lump 
of brass supported on a stack of alternating metal 
and piezoelectric discs. Piezoelectric materials 
stretch when they are electrified, so by feeding in 
an electric current pulsing at a high frequency it’s 
possible to make the mass of brass vibrate, whilst 
at the same time the stack of materials forms 

a Capacitor. Capacitors are devices that absorb 
electrical energy by accumulating electrons, and 
SO may possibly lose inertia when they are both 
charging and physically accelerating, which would 
happen as it vibrates. If the theory is correct, the 


piezoelectric capacitor section will be slightly 
heavier when it pushes away from the brass, and 
slightly lighter when it retracts. In this way it may 
produce thrust without emitting anything, but in 
effect pushing against the rest of the universe. 

The current project is to find ways to increase 
the minuscule effect claimed so far, but Fearn and 
Woodward believe it should scale up with size and 
power. If they are right, then a spacecraft with a 
small nuclear reactor and a Mach thruster might be 
capable of interplanetary trips at 1G acceleration, the 
fastest we could comfortably go. The craft would 
accelerate for the first half of the journey, then turn 
around and slow down for the last half, giving free 
gravity in the process; reaching the Moon in four 
hours, Mars in five days and Jupiter in a week! 
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Conjunction between Conjunction between 
the Moon and dwarf the Moon and Venus in 
planet Ceres in Gemini constellation Gemini 
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The Moon and The Moon and Jupiter 
Makemake make a close _ make a close approach, 
approach in Virgo and passing within 3°17' of 
Coma Berenices each other in Virgo 


30 @ ! SEP 2. e) 


The Moon and Saturn Conjunction between Conjunction between 
make a close approach, the Moon and dwarf Mars and Mercury in 
passing within 3°32' of planet Pluto in Leo 

each other in Ophiuchus Sagittarius 
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Asteroid 89 Julia The Piscids reach their 
reaches opposition in peak of 10 meteors per 
Pegasus, reaching a hour 

magnitude of 9.0 


2. 
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Jargon buster 


Conjunction 

A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. A 
planet is in conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 
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Conjunction 


between the Moon 
and Mercury in Leo 
and Sextans 
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Total solar eclipse 
visible through the US, 
while a partial eclipse is 
visible elsewhere 
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Conjunction between 
the Moon and dwarf 
planet Haumea in 
Virgo and Bootes 


>. 


Neptune reaches 
opposition in Aquarius, 
reaching a magnitude 
of 7.8 


13 


Mercury is at half 
phase in the dawn 
sky 


12 


Mercury is at greatest 
elongation west in the 
dawn sky, shining bright 
at magnitude -0.4 
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Declination (Dec) 

This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there are 
60 arcminutes in a degree. 


Magnitude 

An object's magnitude tells you how bright it appears 
from Earth. In astronomy, magnitudes are represented 
on a numbered scale. The lower the number, the 
brighter the object. So, a magnitude of -1 is brighter 
than an object with a magnitude of +2. 


©Raymond Shobe 
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Conjunction between 
Uranus and dwarf 
planet Eris in Pisces and 
Cetus 
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The Moon and Neptune 

make a close approach, 

passing within 0°44’ of 

each other in Aquarius 
<@> Naked eye 

&® Binoculars 

“® Small telescope 

wae Medium telescope 


“* Large telescope 
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What's in the sky? 


Ta Veerok we eee Hm. 


Opposition 

When a celestial body is in line with the Earth and Sun. 
During opposition, an object is visible for the whole 
night, rising at sunset and setting at sunrise. At this 
point in its orbit, the celestial object is closest to Earth, 
making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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|What's in the sky? 


[| Lyra 
sami 


Sagitta 


Canes Venatici 
Bootes 


: (Gelne pees 
Corona Borealis 
Hercules 


Aquila 


Mercury 
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23 AUG 
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29 AUG 


EVENING SKY 


4 SEPT 






10 SEPT 





Date RA 
17 Aug 10h 41m 53s 
23Aug 10h27m50s 
29Aug 10h09m 21s 
04Sep 0O9h59m05s 
10 Sep 10h 06m 48s 

| 17 Aug O7h 21m 18s 
23 Aug 07h 51m 32s 
29Aug O8h21m35s 
04Sep O8h5im18s 
10 Sep O9h 20m 37s 

| 17 Aug 09h 20m 52s 
23Aug O9h36mOls 
29Aug O9h50m5/7s 
04Sep 10h05m43s 
10 Sep 10h 20m 18s 
17 Aug 13h 12m 25s 
23Aug 13h16m0O9s 
29Aug 13h20m04s 
04Sep 13h24m11s 
10 Sep 13h 28m 27s 

| 17 Aug 17h 21m O9s 
23 Aug 17h 20m 55s 
29Aug 17h20m56s 
04Sep = 17h21m12s 
10 Sep 17h 21m 43s 


Dec 


+03°25' 21" 
+04° 37°25" 
+Q7° 20' 32" 
+10° 07' 30" 


HP 2213" 


+21° 23' 38" 


+20° 33°50" 
+19° 23' 08" 


+17" 52 37" 


+16° 03' 46" 


+16°42' 21" 


+15° 30' 46" 


+14° 15' 41" 
+12°57' 28" 
+11° 36°30" 


-06° 26' 47" 
-06° 50' 28" 


-O7°15'07" 


-O7° 40' 35" 
-08° 06' 42" 


-21° 55' 46" 
-21° 56' 40" 
-21°57' 49" 
-21° 59°11" 


-22° 00' 47" 


All rise and set times are given in BST 


Constellation Mag 


Sextans 
Sextans 
Leo 
Leo 
Leo 


Gemini 
Gemini 
Cancer 
Cancer 
Cancer 


Cancer 
Leo 
Leo 
Leo 
Leo 


Virgo 
Virgo 
Virgo 
Virgo 
Virgo 


Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 
Ophiuchus 


2.1 
4.1 
4.9 
1.9 
0.0 


-4.0 
-4.0 
-4.0 
-4.0 
-4.0 


1.8 
1.8 
1.8 
1.8 
1.8 


1.8 
1.8 
-1.8 
-1.7 
-1.7 


0.3 
0.4 
0.4 
0.4 
0.5 


Rise 
07:49 
07:05 
06:09 
05:21 
04:59 


02:49 
03:01 
03:15 

03:30 
03:47 


05:26 
05:16 
05:14 
05:13 
05:11 


11:08 
10:50 
10:32 
10:15 
09:58 


16:42 
16:19 
15:55 
15:14 
15:09 





Set 


20:30 
19:58 
19:30 
19:11 
19:01 


18:50 
18:51 
18:50 
18:46 
18:41 


21:25 
20:04 
19:49 
19:32 
19:16 


22:10 
21:49 
21:27 
21:06 
20:44 


00:57 
00:33 
00:09 
23:42 
23:18 
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This month's planets 


Ringed gas giant Satu is still visible during the evenings, while Jupiter 
continues to rule a portion of the night as summer comes to a close 


Constellation: Ophiuchus 
Magnitude: 0.4 
AM/PM: PM: 


~ SCUTUM 


mae) os]i en] Us 


SERPENS 


Becher cae 


For the amateur astronomer and casual sky-watcher, 
Satur won't be a very impressive or eye-catching 
object this month. With a very respectable visual 
magnitude of 0.4 — making it almost as bright as the 
popular star Arcturus — it is, technically, easily visible 
to the naked eye, but Saturn is not conveniently placed 
in the sky for observation at the moment. Exiled to the 
star-barren southern wastelands of the constellation 
Ophiuchus, with the frothy star clouds of the Milky 
Way to its left, and ruddy Antares and the rest of 
Scorpius to its right, Saturn will look like a lonely 
yellow-white ‘star’ low above the southern horizon. 
And that’s the problem: Saturn will be so low in 
the sky that if your observing site has any trees or 
buildings in its direction they will hide it from your 
view. If you find somewhere with a clear view it will 
definitely be worth aiming your telescope at Saturn 
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22:00 BST on 6 September 


to see its famous system of rings and largest moon, 
Mercury-sized Titan, looking like a tiny star next to 

the planet itself With high magnification and steady 
seeing you'll see dark gaps in the rings, and most likely 
spot some of the smaller moons too. 

So, if Saturn isn’t that impressive then why is it 
our ‘Planet of the Month’? It’s because this is a very 
important and emotional time for amateur and 
professional astronomers who observe and study 
Saturn. This month, after over 20 years in space — 

13 of those spent exploring the glittering rings, icy 
moons, and turbulent atmosphere of Saturn — the 
Cassini probe will end its historic mission, which has 
revolutionised our understanding and appreciation of 
the enormous gas giant. 

Unlike other probes that have retired by gently 
flying off into space, Cassini will end its mission by 
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flying into, and being destroyed by, Saturn's churning, 
cloud-curdled atmosphere. If you're thinking that's 
a waste of a good space probe and wondering why 
NASA doesn't keep exploring with Cassini, it's because 
Cassini is almost out of fuel. The deliberate kamikaze 
dive into Saturn will avoid risk of an out-of-control, 
fuel-drained Cassini crashing into two Saturnian 
moons, which astronomers now think may have life, 
or at least the building blocks of life. The last thing the 
scientists hunting for extraterrestrial life on Titan and 
Enceladus want are for those worlds’ icy surfaces to be 
showered with poisonous fuel and radioactive debris. 
There will be many images taken during Cassini's 
final days in the media and on space websites, but you 
can always take a moment to find Saturn in the sky 
to see for yourself where all the action is taking place, 
and maybe whisper, “That'll do, Cassini. That'll do...” 





This month's planets 
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Constellation: Gemini to Leo lantern-bright in the east before dawn. Constellation: Leo days after, drifting past bright Regulus 
Magnitude: -4 The morning of 18 August, Venus will Magnitude: 0.2 — coming within two Moon widths 
AM/PM: AM lie to the left of a beautiful waning AM/PM: AM of the star — and then approaching 
Wandering restlessly from Gemini crescent Moon, and if skies are clear Mercury won't be visible properly and passing Mars. On 12 September, 
through Cancer and then into Leo, between 31 August and 3 September, until early September, highest in the Mercury will lie almost exactly 

the world called ‘Earth's Twin’ will you'll be able to spot Venus drifting sky before dawn on 9 September. It halfway between Regulus and Mars, 
be a striking ‘Morning Star’, blazing beneath the Beehive Cluster (M44). will have plenty of company in the which will be shining to its lower left. 


Constellation: Virgo 

Magnitude: -1.8 

AM/PM: PM 

As summer draws to a close, Jupiter 
continues to dominate the western sky 
after sunset. In mid-August the largest 
planet in our Solar System - big enough to 
hold a thousand Earths - sets an hour and 
a half after the Sun has dropped behind the 
horizon, but Jupiter's best performances on 
the sky’s great stage are behind it, and it 
will be lower and a little harder to see with 
each night that passes. By mid-September 
Jupiter will be setting only an hour after 
the Sun, sinking into the twilight, and we'll 
lose it not long afterwards. Before that you 
can look out for a beautiful crescent Moon, 
glowing with Earthshine, hanging above 
Jupiter during dusk on 25 August. 





RLS hpetatanattt | mel 






~. GEMINI 


a ARIES 
CANCER Soe ) ) 


. a ee ite 
SA ah era a 





ps 
Constellation: Cancer to Leo both of which will be in the same Constellation: Pisces hard to see without aparatus. It looks 
Magnitude: 1.8 part of the sky. By mid-September Magnitude: 5.8 like a green star in binoculars, and in 
AM/PM: AM Mars will lie to the lower left of that AM/PM: PM a telescope as a small, pale green disc. 
With a magnitude of 1.8 it will be pair, awaiting a ‘close encounter of the Uranus could be forgiven for having If you need extra help, on 13 August 
slightly brighter than Polaris, the planetary kind’ with Mercury in the an inferiority complex; even though Uranus lies five degrees to the upper 
Pole Star, but will be outshone by the third week of the month, seeing them it's visible to the naked eye, today’s left of the Moon, on 9 September, they 
bright Regulus and brighter Mercury, less than a Moon's width apart. light polluted skies mean it is very will be seven degrees apart. 
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If you have a small telescope or a 
powerful pair of binoculars and look to 
the lower left of the great triple crater 
chain of Ptolemaeus, Alphonsus and 
Arzachel, you will see depending on the 
time of the month) either a short, dark 
line or a short, bright line. 

Moon atlases and phone apps identify 
it as ‘Rupes Recta. It doesn't look much 
at first glance, nothing more than a 
dark pencil line or a white chalk scratch 
drawn on the Moon's ash grey face, but 
Rupes Recta has another name, and is 
one of the most famous and beloved 
features on the whole of the Moon - 
‘The Straight Wall’ 

Of course, it's not actually a wall; 
it wasn't built by tea-gulping lunar 
labourers leaning on shovels! Rupes 
Recta was built by the forces of nature, 
it is an enormous scarp, a region where 
part of the Moon's surface dropped 
dramatically away, forming a steep cliff. 

The cliff itself is very narrow, barely a 
couple of kilometres wide and nowhere 
near as wide as the terraced rims of 
those three giant craters blasted out of 
the Moon to its north. It's not all that 
tall either: with a maximum height of 
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around 450 metres (0.28 miles), it's 
roughly as tall as the London Eye, or 
two nuclear submarines balanced end 
to end. Although the Straight Wall gives 
the impression of being a towering cliff 
face, it's not. Pre-Apollo space artists 
depicted the Straight Wall as vertical, a 
frozen tsunami wave of grey lunar stone, 
but if you stood at the base you would 
see the slope rising at an angle of only 
30 degrees or So. 

Rupes Recta doesn't turn out to be 
very wide, or very high; so what's all 
the fuss about? Well, the Straight Wall's 
remaining claim to fame is that it’s 
very long. Stretching more than 110 
kilometres (68.3 miles) across the lunar 
surface, it would reach from London to 
the Isle of Wight if placed on the Earth, 
or from Carlisle to Edinburgh if you 
prefer a more northerly comparison. 
That's so long it would have taken 
Apollo astronauts more than eight hours 
to trundle and bounce from one end to 
the other in the lunar rover, which was 
used on the Moon in the later missions. 

The Straight Wall will first become 
visible on 30 August, when the Moon is 
just past its First Quarter phase and low 
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in the southwestern sky after sunset, 
to the upper left of Saturn. On that 
evening, with sunlight illuminating it 
from the east, the cliff face will be in 
shadow and appear as an obvious short, 
dark line to the lower left of Arzachel, 
very close to a small, deep pit of a crater 
called Birt. As sunlight creeps across 
the Moon’s face and the cliff's shadow 
retreats, the Straight Wall will slowly 
turn into a bright line which seems to 
sink down into the Moon, becoming 
harder and harder to see until it's barely 
visible when our natural satellite is full. 
The best time to see the Straight Wall 
will be after midnight on 12 September, 
when the Moon has just passed Last 
Quarter and is shining between the 
famous Pleiades and Hyades star 
clusters of Taurus. Now illuminated 
from the west, Rupes Recta’s cliff face 
will be bathed in full sunshine, making 
it appear as a strikingly bright line 
etched into the darker surface of the 
Moon - looking as if it has been dug out 
of the ancient frozen lava flows of Mare 
Nubium by the tip of a knife's blade. At 
this time it will be visible with a good 
pair of binoculars, but telescopes will 
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offer the best views, the higher the 
magnification the better. 

All too soon Rupes Recta will be lost 
from view, as local sunset plunges it into 
darkness. By 15 September it will be lost 
in shadow, hidden from our gaze until 
just a fortnight later, coming back into 
view from 29 September. 

One day in the future astronauts 
will surely come to the top of the 
Straight Wall, and gaze down on the 
Moon's magnificent desolation from its 
lofty heights. Until then, we can enjoy 
gorgeous views of it from Earth, with the 
most modest observing equipment. 
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* Mid-to-late summer brings a feast of constellations Py 
and objects to kéep you coming back for more 


















Deneb (Alpha Cygni) 
The brightest star in the constellation 
of Cygnus (the Swan), is a hugely 
bright blue-white supergiant, 
dazzling at a magnitude of 1.25. 
Forming one vertex of the Summer 
Triangle asterism, it's easy to locate 
| asit's at a reasonable declination in 
OVC mda mL oe 
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Often confused with Sagittarius 
. (the Archer), Sagitta, which 
ee ; ae represents the Arrow, is quite a dim 


constellation since it contains stars 
no brighter than third magnitude. 
Sagitta occupies the third-smallest 
region of sky of all 48 constellations. : 


Orion Arm | 

Wa CMM ta(=M ol-Symh altel KO n-t== 
the Orion Arm, a minor spiral arm of | | 
OPTOMA eeC ID OAR UCM LAA WEN i | e Ra 
A dark sky site will make viewing the Ava pecu d : ‘| @ 
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dusting of stars immediately visible —_ | 
through the constellations of Cygnus, a Ps 
7 @ 


Vulpecula, Sagitta and Aquila. ~ 


ee Ste | Ware yr The Scutum Star Cloud 
tot) i ; ax 3 ; Looking like a brighter patch 

—e Ps ss of the Milky Way, the Scutum 
es) 1S Ue Ce Recs ladalgel ia 


es | - . | binoculars with a magnification 






of at least 10x50. It rests close to 
the Wild Duck Cluster (Messier - 
11), and is visible to the unaided. 
eye on a clear summer evening. 


Pree 


__ | Altair (Alpha Aquilae) 
|. Along with Deneb and Vega, 
Altair — also known as Alpha 
Aquilae — is the third star of the © 
Summer Triangle, and shines at 
air Fda ale 0.77. Being-an A-type 
RETR ste 0 (laos) ea Leta 
__ | blue-white hue to the unaided -. 
_| eye or through binoculars. . 
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Soft clean cloth 
Lithium grease 
Screwdriver set 


As our main instrument that we use 
to connect us with the night sky, our 
telescopes are, without a doubt, very 
important; but do we lavish the care 
on them that they need and deserve 
to keep giving us those breathtaking 
views and images of the heavens? 
Telescopes are comprised of both 

optical components and mechanical 


Always use a soft clean 
cloth to remove dirt 

and marks from your 
telescope tube, dampen 
it slightly if necessary. 
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If you are removing 
screws and bolts from 
covers or housings, keep 
them on a tray to prevent 
them from going missing. 


oy 2 
iment much over the summer, 
om deter \lubiaaiam- lee ise 


ones, so while we may keep the optics 
generally clean and in good order, it 

is often easy to forget that the mount 
and drive system, if there is one, is 
just as important. With a new season 
of observing upon us, what should 

we do to make sure that everything 

is in good order so that our telescopes 
keep working like they did the day 

we bought them? Some things might 
seem obvious, such as blowing the 
dust off, but there are things to help 
make the operation of the mount and 
the optical system smooth, and keep 
delivering the images that we would 
hope for. You will probably need a few 
tools to tighten things up and realign 


Get rid of old grease 
from gears before adding 
new ones. This will keep 
everything running 
smoothly and will limit 
layers of oil. 





components; each scope is different, so 
there are no rules here, just use what 
works. If you are not sure what you are 
doing, seek advice from an astronomer 
or an astronomical society, especially 
if you have a reflector telescope that 
needs re-collimating. 

Cleaning and greasing moving parts, 
such a gears, is always a good idea 
- you will need to use good-quality 
lithium grease as it is able to work well 
at low temperatures, unlike silicone 
grease, which can become ‘sticky’. 
Tightening screws and bolts is also 
important, as they can work loose over 
time, but make sure you don't wind 
them too tight if they are holding 


Make sure that gears are 
meshing correctly, not 
too slack or too tight, and 
make slight adjustments 


if necessary. how to do it. 


Clean and align optics, 
making sure you are very 
careful, and seek advice 
if you are not sure about 
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together a moving part; use your best 
judgement and common sense. 
Finally, make sure your optics 
are clean and properly aligned. Be 
aware that telescope optics are easily 
scratched and damaged, and so great 
care is needed. Take advice or research 
on the internet to find out how to 
properly clean lenses and mirrors, 
and remove and reinstall them if 
necessary. Seek professional help if 
you need it, as a single scratch on 
the optics can ruin a perfectly usable 
telescope. Once you've got your scope 
running smoothly, you'll be ready to 
enjoy all that the autumn and winter 
skies have to offer. 


To keep your telescope 
clean and running 
smoothly, it's always a 
good idea to give it an 
annual service. 





| Prepare your telescope 


Care for your telescope by following these steps 


Check that the inside of your telescope tube is clean of the mirror in the cell and the tube, so it goes back 

and free from debris including spiders and cobwebs! the way it should be. Finally, don't be afraid to ask for 

If you need to remove a mirror for cleaning or help if you are not sure about what you are doing, as Send YOUTL photos to 

re-coating, make sure that you know exactly what you don't want to tarnish your trusty telescope and space@spaceanswers.com 
you are doing, and take care to mark the orientation miss something incredible. 





Put together a list ) Check the mechanisms of your tripod 
Make a list of all the things you think you need to do to get your mount and 4 Make sure the tripod is clean and that all the leg-locking mechanisms are 
telescope prepared for servicing. You can mark tasks off as you go along. | working effectively. You should aim to tighten them where appropriate. 





>) Test your clutches and locks Examine covers and housing 
Clean the mount head and check that clutches and locks are working as they Inspect the covers and housings - especially those that enclose moving parts 
’ should. Screws should be tightened where necessary using a screwdriver. ). on the mount. You made need to remove the screws to access the gears. 





Realign the optical system if needed 
, Remove old grease and sparingly apply new lithium grease, ensuring that you — ‘Clean and realign your telescope's optical system. If required, you should ask 
check for backlash in the gear train. for help from someone who has experience of this before doing so. 


Optical Hardware Ltd's Visionary Starla 80 was used in this tutorial 
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The Great American Eclipse 





Those in the right place at the nght time on 21 
August will glimpse the solar corona for a few 
magical minutes. However, you can still get in on 
the action wherever you are on the planet 


Written by Jamie Carter 
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The Great American Eclipse 











total solar eclipse offers the most 


captivating and fleeting astronomical bee) a solar eclipse tS made 


sight of all: the solar corona. Invisible 
raVmet omer ose ae esc n The Sun is a disc, so when the Moon occasionally gets in 
of the Sun's disk, this outer atmosphere is only eS way it casts a two-part shadow on the Earth 
revealed to onlookers for a couple of minutes in ; ; 
the middle of a total solar eclipse, when the Moon © Identical apparent size 
blocks 100 per cent of the Sun's light. This will re aE we 
happen in some parts of the USA on August 21, 2017. ide 1 a aes 
A total eclipse of the Sun can only happen at New 
Moon, when the Moon is precisely between the 
Sun and the Earth. It doesn't happen every month, 
because the Moon's orbit is inclined by 5 degrees 
relative to the Sun's apparent path through the 
sky (which astronomers call the ecliptic). So most 
months, the two bodies miss each other. However, 
about once every 18 months or so, the New Moon 
crosses the ecliptic and gets precisely between the 
Sun and Earth. 
Thanks to the Sun and Moon being of almost 













’) Umbral shadow 
The narrow inner core of 
. the Moon's shadow causes a 
s, blackout that allows eclipse 
- chasers to see the solar corona 
‘.. for a few minutes. 


The path of totality 
The umbral shadow is 
about 112.6km (70 miles) 
wide, but those near its 
centre-line experience 

h totality for the longest. 







_) New Moon ~) Penumbral shadow 


identical apparent size in our sky, our small satellite A solar eclipse occurs 12 When Earth passes through the 
can block up to 100 per cent of our star's light, but Sa ae or so a ode ee a Moon's fuzzy shadow, most 
only as seen from within MA CON ae people see only a partial eclipse. 


the Moon's darkest 
‘umbral' shadow. 
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} Eclipse at sunrise 

( An eclipsed Sun.will rise 
north of Hawaii, wish the 

Moon shadow then racing 

towards the USA 










Partial eclipse zones 
All of the USA, Canada 
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While everywhere in the USA will see 


a partial eclipse, only those within the 
Path of Totality will fully experience it 





The last glimpse of sunshine gives the 
shape of a glistening diamond ring 





It's narrow, about 112.6 kilometres (70 miles) wide, 
and it takes a couple of hours to race across a 
segment of Earth, plunging all locations within into 
darkness for a few precious minutes. Easily viewable 
eclipses are rare; mostly they happen at sea, or in 
inaccessible places like Antarctica. 
On August 21, that 70-mile-wide track - called 
A > the path of totality - will move from west to east in 
Le Cet much of the a byte Can | Lot Sl SF a curve from Oregon to South Carolina, plunging 
12 million people in 14 States across the US into 
darkness for a few minutes. So exactly where you 
put yourself for this spectacle will decide exactly 
what you see. 
Those outside the path of totality, which is most 
of the USA, will see a partial eclipse that will reach 
70 to 99 per cent, depending on where you are. For 
100% the Moon to take a bite out of the Sun and pass all 
the way across will take just under three hours, and 
solar eclipse glasses must be worn the whole time. 


© Rick Fienberg / TravelQuest International / Wilderness Travel 
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sunset 

A total eclipse 
just before 
sunset will cause 
AOA ace 
quick succession 
south of Cape 

NV (elxe {= 


Moon shadow speed 
The shadow will move at 
3,600 kilometres per hour 
(2,240 miles per hour) as it 
arrives in the USA, slowing 
to 2,179 kilometres per hour 
(1,354 miles per hour) 





There is a variety of 
equipment available for safe 
viewing of the Sun 
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“The eclipsed Sun, which looks like a hole 
in the sky, is a profoundly shocking sight 
worth crossing continents to see” 


It won't get dark, though during a 95 per cent or 
higher ‘deep’ partial eclipse, the light will noticeably 
drop. It will also be possible to project tiny crescent 
suns onto white paper through colanders, a slotted 
spoon, or through one half of a pair of binoculars 
(be sure not to look through the binoculars!). If it's 
cloudy, the entire event is obscured. 

Partial eclipses can be interesting, but the 
difference between a 99 per cent partial eclipse and 
a total solar eclipse is an order of magnitude; it's like 
the difference between listening to the Wimbledon 
Men's Final on the radio and having centre court 
tickets. There is absolutely no comparison. 


This is why it's so important to get to the path of 
totality. From here, the partial eclipse is also visible 
and must be viewed through solar eclipse glasses, 
but in the middle of the event is two minutes (or so) 
of what's called totality. For those few minutes, the 
skies go dark, and you can stare at the Sun's bright, 
ice-white corona with the naked eye. This is why 


astronomers get so excited about total solar eclipses. 


The eclipsed Sun, which looks like a hole in the 
sky, is a profoundly shocking sight worth crossing 
continents to see, but those minutes of totality are 
book-ended by other arresting astronomical sights. 
Just before it gets dark, the Sun's remaining light 








Astronomers across the 
globe will be observing and 
researching the eclipse, even 
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PRB Ete 
to see the eclipse 


Salem, Oregon 

Partial eclipse begins: 
09:05 am PDT 

Totality: 10:17 am PDT 
Duration of totality: 

1 minute 54 seconds 
Partial solar eclipse ends: 
11:38 am PDT 

Amount of eclipse: 100% 


Jackson Hole, 
Wyoming 

Partial eclipse begins: 
Ole m1 BeE 

Cee i9"A i oor Oa 
Duration of totality: 

2 minutes 15 seconds 
Partial solar eclipse ends: 
13:00 pm MDT 

Amount of eclipse: 100% 


Carbondale, Illinois 
Partial eclipse begins: 
11:52 am CDT 

Totality: 13:20 pm 
Duration of totality: 

2 minutes 40 seconds 
Partial solar eclipse ends: 
170) DE 

Amount of eclipse: 100% 


Nashville, Tennessee 
Partial eclipse begins: 
11:58 am CDT 

a(t a’eeeeeoe one DE 
Duration of totality: 

1 minute 54 seconds 


Partial solar eclipse ends: 


14:54 pm CDT 
Amount of eclipse: 100% 


Charleston, 

South Carolina 
rate | eee emelrap 
13:16 pm EDT 

Totality: 14:46 pm EDT 
Duration of totality: 

1 minute 38 seconds 


Partial solar eclipse ends: 


16:10 pm EDT 
Amount of eclipse: 100% 
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The Great American Eclipse 
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Each phase of the eclipse holds 
its own wonder, as the Moon cuts 
across the light of our Sun 


7 
_ 


"A fleeting phenomenon that hasn't occurred 
across the USA for 99 years, the eclipse 
promises to be something very special’ 


rushes through the Moon's valleys, causing beads on 
one side. The light levels plummet and everything 
looks strange; the final bead makes the Moon look 
like a beautiful diamond ring, and signals the start 
of totality. The corona appears suddenly afterwards 
as a glowing crown around the hole in the sky. 

As well as the mesmerising corona, solar 
prominences - huge explosions of plasma on the 
surface of the Sun - are visible, most easily to those 
using binoculars or a small telescope. All optical 
equipment needs filters for the partial phase, but not 
for totality, because the eclipsed Sun is no brighter 
than a Full Moon. Bright star Regulus in Leo will 
be visible just to the top-left of the Moon and Sun, 
with planet Venus further to the right. Totality will 
end with beads emerging and growing into another 
diamond ring, and viewers should reach for their 
solar eclipse glasses once more. 

So where should you stand? Not only should you 
head into the path of totality, but get as close to its 
centre-line as possible to maximise the duration 
the total eclipse, which will peak at 2 minutes 41 
seconds in Illinois and Kentucky. By now, most 
hotels are fully booked, but it's easy enough to 
camp, or drive into the area for eclipse day (though 
that's a risky strategy if traffic predictions are to be 
believed). West of the Mississippi - Oregon, Idaho, 
Wyoming and Nebraska - has the best weather 
prospects. If it is cloudy where you are in the path 


of totality, it will get very dark during totality, which 
can be dramatic. However, if you're lucky, the drop 
in temperature that the Moon shadow causes can 
evaporate cloud for the few minutes of totality, so 
don't give up hope. 

If you're at an organised event, they're likely to 
be showing a livestream of the eclipse on NASA TV, 
which is what the rest of the world will be watching. 
A rare, fleeting phenomenon that hasn't occurred 
across the USA for 99 years, the Great American 
Eclipse promises to be something very special 
that will get millions of people all asking the same 
question: when is the next eclipse? 





You can view the event safely by wearing special eclipse 
glasses which prevent eyesight damage 








BRESSER SOLARIX 
pyAR Oe) DA eye 


The first ‘all-in-one’ Newtonian package, this versatile instrument 
allows you to enjoy astronomy during the day and night © 





Enjoy views of the Moon, planets, the Sun and » 
brighter deep sky objects with the Bresser Solarix . ; yy Fie 
76/350, which is especially designed for night sky 
and daytime observing. Supplied with a solar filter 
which contains a special foil to protect the eye 
against radiation, this Newtonian also promotes 
Pe Nicl AYMAN (SOMME T@DR Toa S IU Blom OBr-DEN mm iclcCelnel-lNbR Tow CoH AUN 
- from prominences to sunspots - on our nearest 
star. What’s more, it’s easy to set up for immediate 
observation, and even easier to operate using its 
alt-azimuth mount. Supplied with 4mm and 
20mm eyepieces, the Bresser Solarix provides 
magnifications between 18x and 175x for a 
versatile viewing range. 

The Bresser Solarix isn’t just ideal for 
kick-starting your hobby in astronomy, it’s 
also equipped for capturing the wonders of 
the sky using your iPhone or Android, thanks 
to an included smart phone holder bracket. 
Ensure that you'll also be fully equipped for your 
observations with a downloadable astronomical 
software and Moon chart, and get ready to begin 
touring the sky, as it comes already assembled 
straight out of the box. 
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A: Jupiter 
je Tei 
C: Sun 


Pers tsa allel at Cy 

to Colin Galletly, 

who is the winner 

of the Visionary 

10x50 B4 Series 7 
Binoculars 


Dhalccimnvatemcleele tl alan 
space@spaceanswers.com or by post to 
All About Space competitions, 
Richmond House, 33 Richmond Hill, 
Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www. 
yin (eer wiey oa emaeri ieee et alec 
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Deep sky challenge /' 


Messier 39 

Use a low-power, wide-field eyepiece to get all the 

stars of this very open cluster into view. Located 
a touch north of the bright star Deneb, the cluster is 
larger than the full Moon at an apparent size of 32 arc 
minutes across and has a relatively loose appearance. 


The Cocoon Nebula (IC 5146) 

A challenging object visually due to its dim 

magnitude of 10, you'll ideally need a telescope 
that has an aperture of at least six inches; one of the 
most important factors in observing this nebula is 
dark skies, untouched by light pollution. 


North America Nebula (NGC 7000) 

An expansive region of gas and dust that can be 

picked up using 7x50 binoculars; it is, however, 
best enjoyed using a wide-field telescope at lower 
power, equipped with UHC or OIII filters, which will 
make the nebula much easier to discern. 


Messier 71 
This is a relatively young cluster of stars 


. ® located within the Summer Triangle asterism, 
5 Vul e cul P| formed by the bright stars Deneb, Altair and Vega. 
i- p You'll require a scope with at least a medium-sized 
a @ 


aperture to begin resolving the stars in this globular. 








re. ie 
Pegasus 
“7 + @ 


ae NGC 6823 
Os | This emission nebula surrounds open star 
bd eS d > cluster NGC 6823 in the constellation of 
> Vulpecula. The bright-blue stars are easy to see, but 
| @ | er! od Ps a =©6the nebula is a visual challenge for those without at 
O6 | e @ least a medium-sized telescope or larger. 


ee | | . 
sci ! @ | reed La ee Great Pegasus Cluster (Messier 15) 


Messier 15 is 33,600 light years from Earth and 
@-~ | is one of the oldest examples of these objects at 
| 12 billion years. Its magnitude of 6.2 makes it an easy 
target through binoculars and small telescopes as a 
fuzzy patch of light. 


© Luc Viatour; NASA; ESA 
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 Equuleus' Delphinus © 
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How to... 


Ob SSaVceN(se 


The remote ice giant comes to opposition this SF 


rreliel 


y A 


You'll need: 


V At least a medium- 
sized telescope 


V Star chart 


V Coloured filters 
(optional) 





When a planet comes to ‘opposition’, 
it means that it is opposite the Sun 
- from our point of view - in the 
sky. To be in this position, the Earth 
must be between the planet and the 
Sun, which in turn means that we 
are relatively close to the planet in 
question (as much as our respective 
orbits around the Sun will allow 
anyway). Because we are closer to 
another planet at this time, it will 
appear as large as it possibly can to 
us in terms of its diameter. At the 
beginning of September, this will be 
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the case for Neptune, the eighth and 
farthest-known planet in our Solar 
System which lies on the inner edge of 
the Kuiper Belt. 

It is a ‘gas giant’ planet, not dissimilar 
to Jupiter, Saturn and Uranus. It is, 
however, much colder as it is so far 
from the Sun. The gas from which the 
planet is made is in a frozen state. The 
type and make-up of the gas gives the 
planet a strong blue tinge, which is 
visible even in amateur telescopes. The 
planet is, however, fairly featureless 
except for the ‘Great Dark Spot’ and the 
accompanying ‘bright smudge’, which 
aren't visible in amateur scopes. 

The pleasure in observing Neptune 
is drawn from the fact that we can see 
it at all, considering it wasn't discovered 
until 1846 by a German called Galle, 
based on the mathematical work of a 
Frenchman called Urbain Le Verrier 
and an Englishman called John Couch- 


ae ra 


it suitable for observation. The planet will still be a 
Sees so here are some tips on the best ways to see it... 


Tes 


Adams, making it a joint German/ 
French/British achievement. Until this 
time it hadn't been noticed, as it is 

so faint and certainly not a naked 

eye object. 

Even at opposition it will only be 2.4 
arc-seconds in diameter, but obviously 
not a star. Once you have acquired it 
in your telescope, it will look like a 
tiny bluish disc. If conditions allow, 
increase the magnification you are 
using to show it well. A coloured 
filter can help enhance the view too; 
it's worth experimenting here. The 
joy in observing this amazing world 
is remembering the vast distance 
between Earth and Neptune - a whole 
4.2 billion kilometres (2.6 billion miles). 
This great distance means that it has 
taken the light from the planet over 
four hours to reach us! Make the most 
of your chance to view the last large 
planet in our Solar System. 


\ 
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Acquire a star chart 

A star map is a really useful aid to 
finding Neptune. At opposition, the 
planet will be in Aquarius - if you see a 
‘star’ that's not in the constellation on 
the chart, that'll be the ice giant. 


Know your field of view 

It's useful to be familiar with the field 
of view of your telescope under the 
eyepiece you are using. This will assist 
with pinpointing Neptune. 





Use a blue/green filter 

Using a coloured filter - a blue/green 
one is useful - will help increase the 
contrast to make resolving the ice 
giant's disc effortless. 


Start off with a 

suitable magnification 

Use a ‘power’, which allows you to 
identify the stars on your chart with 
what you see. In order to fit many stars 
into your field of view, you'll need a low- 
power eyepiece. 


Up the magnification 

Once you've found the planet, up the 
power to see it properly as a small 
bluish disc. The lower the aperture of 
your eyepiece, the higher the power. 


Finding the distant 

ice giant in Aquarius 

Finding Neptune can be tricky, but once 
you've got it, it will be obvious it's not a 
Star. Follow our steps to make it easy. 








STARGAZER 
How to find Neptune 


Find an ice giant's blue glow 


Neptune will appear small, even in larger scopes, so you will need to be meticulous 


A good-quality star chart, or printout from some 
desktop planetarium software of the field in which 
Neptune lays, is almost essential. In early September 
it can be found a few degrees southeast of the star 
lambda Aquarii. It's helpful to work out the field of 


Avoid looking for Neptune on the 4 or 5 

September at actual opposition, as the Moon will 
be bright and its light will interfere with optimum 
viewing conditions. 


| Timing is everything 


Slew your telescope 
Gently move your instrument, which should 
have a medium aperture, towards where you 


believe Neptune to be, referring to your chart along 
the way. 








view you can see with your eyepiece so that you can 
draw it on the chart. Start with Lambda Aquarii and 
slowly move towards Neptune, making sure that you 
can recognise the stars on your star chart. Increase 
the magnification to see it well once you've located it. 


y . 
Plug in a low-to-medium 
2 power eyepiece 
Use a large-aperture eyepiece to give a 
reasonable field of view. This will help you recognise 
the stars that rest close to the ice giant. 






You can use a yellow/green, green or magenta 

filter to enhance the view and increase the 
contrast of the planet. This will make it easier to 
resolve the disc. 


. Use coloured filters for contrast 





o Punch up the magnification 










Send your photos to 
Space@spaceanswers.com 






Try to memorise the stars in the area of Lambda 

Aquarii in the constellation of Aquarius as you 
look through your telescope to compare them with 
your chart. 


3 If in doubt, use a star map 





vi 


Once you have found Neptune, increase the 

magnification by replacing your ‘locator’ 
eyepiece with one with a small aperture, to reveal the 
planet's disc. 


89 





The Norther 
Hemisphere 


Late summer is here, bringing with it myriad late evening 
treasures as we make our way into the autumn 


When it comes to the planets, cool- 
blue Neptune is the star of the show 
this September for those with medium 
telescopes. However, peer much further 
into the universe and you'll be delighted 
with what you'll be able to see, as the 
Sun begins to set increasingly earlier 
over the coming weeks. 

Altair is visible to the naked eye, 
serving as a marker for those looking for 
deep-sky objects such as the Phantom 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


Hold the chart above your 
m= head with the bottom of the 
page in front of you. 


Face south and notice 
that north on the chart 
is behind you. 


The constellations on the chart 
should now match what you 
see in the sky. 


* Sirius (-1.4) 
- -0.5to 0.0 

0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
Fainter 
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Streak Nebula (NGC 6741), or planetary 
nebula the Glowing Eye (NGC 6751), 
which strongly resembles the iris of an 
eye, in Aquila (the Eagle). This evening, 
don't forget to look over to Cygnus (the 
Swan) to enjoy its selection of binary 
star systems and deep-sky targets 
such as the Pelican Nebula, Crescent 
Nebula, Veil Nebula and Cygnus 

Loop before they disappear for the 
remainder of the year. 


isv4 


Open star clusters 
Globular star clusters 


Bright diffuse nebulae 


Observer's note: 

The night sky as it appears 
on 16 September 2017 at 
approximately 10pm (BST). 


eal Atal] AVA a=) 8) 6 


Galaxies 










STARGAZER 
The Northern Hemisphere 
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Corie Nebula (NGC 2264) * . 


Warren Keller 
§ West 

Virginia, USA 

Telescope: 

16-inch RCOS 

Ritchey- 

Chrétien 

| owned by the 

University of North Carolina 
“I began exploring the night 
sky at the age of 15 years old 
with an eight-inch Newtonian 
during the 1960s. It wasn't until 
1998 that I got my first taste of 
astroimaging with film, and in 
2003 I switched to a CCD for 
capturing the treasures of the 
night sky. Artistic by nature, it's 
less about cosmology and more 
about the thrill of the hunt for 
the myriad beautiful shapes 
and colours throughout the 
universe. My astrophotography 
tutorial business has given 
thousands a quick start to 
taking their own great photos." 


NGC 1672 - 
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* . Las Cruces, New Mexico 

. J 4 Telescope: Takahashi TOA-130F 

, "This is galaxy NGC 3184, and 

* «my first visit to this object. This 

deep-sky target is not very oftgn 
imaged, so I efotal(cte datom chem 

S -« ’ ™ scope with its aperture of NS 
7 , TAGS CHeIm la TNGRSelO ma aldee my portable ins 
rs which includes filters and a QSI’‘540wsg camera. 
P The very bright orange star to the right is HP50389, 
which is about 1,050 light years away from Earth," 
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Bresser 


Solarix 
76/350 with "* 


Olar filter 


An all-round telescope for the beginner that won't 
break the bank, this Newtonian also allows for 


basic astrophotography 


If you're new to the hobby of 
astronomy, and are looking for 
something that's both portable and 
won't break the bank, then the Bresser 
Solarix is worth a look. It promotes 
the observation of a wide selection of 
astronomical targets, giving beginners 
a taster of planetary, solar and deep- 
sky viewing as well as allowing the 
practise of basic astrophotography 
using your smartphone. 

The Newtonian comes with 
a low-power 20mm. and high- 
power 4mm eyepiece, a 2x Barlow 
Lens, astronomical software and 


downloadable Moon chart, and solar 
filter, as well as a smartphone holder, 
ensuring that the astronomer is fully 
equipped for their first night under 
the night sky. The only omission is 

a finderscope and a finder bracket 
on the telescope's tube to install 
your own. However, given that this 
reflector has a large field of view, it's 
easy to slew and find your way around 
the night sky with the supplied 
20mm eyepiece to give the lowest 
magnification possible, and looking 
along the telescope’s tube in order to 
locate your chosen target. 


“The Bresser Solarix is ideal for 
those who are looking to make 
their first steps into astronomy” 
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The solar filter included 
with the Bresser Solarix 
is perfect for viewing 
August's solar eclipse 






















The Bresser Solarix comes almost 
entirely assembled, meaning that 
we were able to begin observing 
as soon as we had unboxed it. The 
build, given its low price, is reasonable 
and promises to last a good many 
observing sessions provided the 
telescope’s housing and tripod are 
taken care of. Converting the Solarix 
into a solar instrument is simple, since 
all that's required is attaching the 
solar filter to the instrument's 
objective lens. It is essential that 
you never observe the Sun without 
ensuring that the filter is properly 
affixed, or even with the naked eye. 
Bresser has done a wonderful job of 
promoting safety while observing 
the solar surface with 
its supplied manual 
and safety stickers - 
something that's a 














must for those observing our nearest 
star for the first time. We also 

| strongly advise assisting 

) children with this 
telescope when viewing 
the solar surface. 

We were treated to a 
long run of clear nights in 
July and into early August, 
affording us the opportunity 

to test the Solarix's mettle. With 
a Waxing crescent readily visible, 
we used both the 20mm and 4mm 
to tour the lunar surface. It was the 
20mm that provided a very good 
view of the cratered, rugged terrain, 
picking out the lumps and bumps 


oe along the terminator. Sadly, the 4mm 
finderscope, but can eyepiece, which gives the telescope 
easily be slewed to a magnification of 175x, struggled 
objects by peering to obtain a clear image, forcing us 
down the tube to consider collimating the optics. 


Unfortunately, the secondary mirror is 
only provided with collimation screws 


‘Suckers’ hold and we struggled to line up the optics 


smartphones in place 
for astrophotography, 
but we recommend 
using elastic bands for 
added security 


















STARGAZER 
Telescope advice 


The Solarix’s optical system provides 
good views at low magnifications 


“The 20mm 
eyepiece 
provided 
good views of 
Jupiter and its 
four Galilean 
moons: 


fully without extra guidance. 

With Jupiter in the evening sky, 
shining at a magnitude of -1.9, we 
caught it in our field of view before it 
set in the western horizon. As with the 
Moon, we discovered that the 4mm 
eyepiece pushed the telescope’s optical 
system a tad too far, causing blurry 
views. However, the 20mm eyepiece 
provided good views of the gas giant 
and its four Galilean moons. There 
is a degree of coma when observing 
brighter targets, meaning that they 
look somewhat ‘stretched’ through the 
edges of our field of view. Meanwhile, 
observations of deep sky targets such 
as the Pleiades (M45) in Taurus fit 
nicely and vibrantly in the three-inch 
aperture at low magnification, as does 
the Andromeda Galaxy (M31) - which 
appeared as a fuzzy ellipse - in the 
constellation of Andromeda. While 
the sky was still clear, we popped our 
smartphone onto the holder to try out 
astrophotography. The ‘suckers’ on the 
holder didn't grip our phone especially 





Telescope 
advice 


Cost: £99 ($130.80) 
From: Telescope House 
Type: Reflector 
Aperture: 2.99" 

Focal length: 13.78" 


Best for... 


Beginners 





Small budget 


Planetary viewing 


Solar viewing 


3000 


( Bright deep-sky objects 


‘O" Basic astrophotography 


Q © 


well, so to be on the safe side we used 
elastic bands to ensure that it was 
fitted securely. Imaging through the 
Solarix appeared to provide similar 
results to our optical views - especially 
using low-magnification eyepieces. 

Views of the Sun's disc are 
Satisfactory at low magnifications 
and showed darkening close to the 
solar limbs. This month, our Sun 
is going through a period of quiet 
activity, and so we were unable to 
view any sunspots. 

Affordable, easy to set up and 
portable, the Bresser Solarix is ideal for 
those who are looking to make their 
first steps into astronomy. While the 
optics do make it difficult to achieve 
sharp views of the night sky at higher 
magnifications, the Newtonian does 
the job in providing observations of 
a variety of targets at an affordable 
price. Certainly worth a look if you're 
on a tight budget or have children 
who have been pestering you for 
a telescope. 





{STARGAZER 
In the shops 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 


Book 
The Vacation Guide to the Solar System 


Cost: £12.99 

Publisher: Square Peg 

The futuristic Vacation Guide to the Solar System infuses the 
imagination of travelling to vast environments of the Solar System, 
while being based upon facts about our planets and moons. Despite 
being released in 2017, the book begins by describing a time more 
Suitable for 3017, where humans can leisurely travel between planets 
and dwarf planets in our Solar System, from Mercury to Pluto. 

This book has done a fantastic job of combining vast 
astronomical knowledge with the idea of public interplanetary 
travel, a concept we've dreamed about for generations. Although 
the science of sustainable travel to and from planets is still 
unknown, the book does a great job at describing the possible 
methods of how to save fuel and weight, which are important when 
considering space flight. Once you have arrived at the planet, there 
are descriptions of visiting sites, possible activities and detailed 
descriptions of the landscape coupled with delightful illustrations. 

Highly recommendable for anyone who dreams of playing 
baseball on the Moon, living under the surface of Mercury, or riding 
the winds of Neptune, Vacation Guide to the Solar System is not only 
filled with facts and knowledge of space flight, it also possesses a 
creative side that makes it an enjoyable read for all ages. 
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App 
AuroraWatch UK v1.6.1 


Cost: Free 

For: Android and iOS 

Created by the Space and Planetary Physics group at Lancaster 
University, the AuroraWatch UK app is designed to notify the user 
of any aurora activity in the United Kingdom. The app does not 
only look appealing, but its information is precise and up-to-date. 
When you open the app, the ‘Disturbance level’ is the first 

thing you see, with the measurement made in nanoteslas. With 
its colour-coded text, the user is informed post-haste about 

the state of the aurora; starting with green text denoting low 
activity, and going up to red text, which indicates high activity. 
Straightaway you'll learn if it’s a quiet night, or if you need to grab 
your coat and head outside to see a magnificent light show. 
Unfortunately the Sun is currently at its weakest solar activity 
during its 11-year cycle, meaning that there are minimal sunspots, 
which are causing weak aurorae. 

When there's such little activity, AuroraWatch isn’t the 

busiest app, but when the solar surface increases in activity, 
aurora intensity should increase, causing the app to notify you 
immediately. AuroraWatch UK will also provide future activity, 
similar to a weather forecast, and is sure to provide a buzz of 
excitement when aurora borealis pays the United Kingdom a visit. 


Software 

Orbiter Space Flight Simulator 

Cost: Free 

From: orbit. medphys.ucl.ac.uk/ 

This software is more for the advanced astronomer or physicist 
who understands the complexities of rockets and space flight. It is 
incredibly easy to install, but we would advise you to have at least 


3GB of memory available for the main software, as well as add-ons. 


Orbiter Space Flight Simulator gives you an idea of what space 
flight really feels like, while remaining true to the laws of physics. 

Once the software is installed, you can change certain 
parameters before the start of the simulation, changing such 
factors as ‘limitless fuel’, ‘radiation pressure’ and other variables 
that could affect the Newtonian mechanics of the simulation. 
After downloading and installing the 2016 main package, the first 
flight of an STS-107 space shuttle was initiated, after which it was 
discovered that there was an option to change to the International 
Space Station (ISS). 

The terrain on the programme was also very impressive, it is 
clear that a lot of effort went into making not only the spacecraft, 
but even the take-off site at Cape Canaveral in Florida. 

With all of this available as free-to-use software, it may be a 
handy programme for a professional astronomer to own, or at least 
for those who are passionate about the physics and mechanics of 
space flight. 
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Filters 
SkyTech CLS Canon EOS Clip Filter 
Cost: £59.00 

From: Altair Astro 

This SkyTech City Light Suppression (CLS) filter would greatly 
benefit astrophotographers who are not blessed with skies 
untouched by light pollution. 

Designed to clip straight onto any APS-C sized Canon EOS camera, 
this filter will block out surrounding light pollution, and allow the 
light from your deep sky object to pass through to your sensor, 
making it easier to capture on film. 

If you don't have a Canon EOS camera, you can purchase a decent 
Canon 1100D for below £200, which, when combined with the price 
of the filter, is a relativity cheap and admirable astrophotography 

kit. After easily attaching the SkyTech filter, it became clear that 

the camera settings didn't need to be adjusted to accommodate for 
it. This is a massive time-saver, especially when you have several 
targets to observe in a short time and you don't want to spend a long 
period adjusting the camera. 

For anyone who lives in an area that experiences mild to 

moderate light pollution, such as a rural-urban fringe, this CLS filter 
would be an immediate advantage. It will also save you travelling to 
a higher altitude to get away from the bright city lights. 


97 





Sir Arthur 


Eddington 


The marvellous 
mathematician who 
reshaped astronomy 


Sir Arthur Eddington was one of 
the most eminent, popular and 
intelligent English astrophysicists 
and mathematicians of his time. 
When general relativity was first 
proposed, Eddington was one of the 
few to not only understand it, but 
also prove it and help the general 
public comprehend it, which is what 
made him so popular. 

Born on 28 December 1882 
in Kendal, Westmorland (now 
known as Cumbria), England, the 
Eddington family weren't there 
long, as they moved to Weston- 
super-Mare, England just two 
years after his birth. Due to the 
passing of his father, the Eddington 
family grew up in relative poverty; 
this made him work hard on his 
education, and he soon earned 
his first scholarship in 1898 from 
Owens College, Manchester. After 
graduating with a first-class degree 
in physics in 1902, he was offered 
another scholarship, this time at 
Trinity College, Cambridge, with the 
opportunity to be tutored by the 


famous mathematician R. A. Herman. 


Eddington even holds an impressive 
record at Trinity College, as he was 
the first ever second-year student to 
be placed as ‘Senior Wrangler’ (the 
best mathematics undergraduate at 
Cambridge University). 

After completing another degree 
in 1905, Eddington took up the 
position of chief assistant to the 
Astronomer Royal at the Royal 
Greenwich Observatory, where he 
turned his sights to astronomy 
and revolutionised the field. His 
astronomical career kept reaching 
new heights, with him eventually 
being promoted to Plumian Professor 
of Astronomy and Experimental 
Philosophy in 1913. Only a year later 
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he was promoted again and named 
director of the whole Cambridge 
Observatory; that same year he was 
elected a Fellow of the Royal Society. 

The work that Eddington 
conducted, such as his papers, 
lectures and radio appearances, 
provided a platform for astronomy 
to shine in a time of war. A famous 
aspect of his work was determining 
the Eddington Luminosity (also 
known as Eddington Limit), which 
is defined as the point where a star’s 
gravitational force inward is equal to 
the continuous radiation of the star 
outward, assuming that the star is a 
perfectly symmetrical sphere and is 
also in hydrostatic equilibrium. 

In 1915, Albert Einstein published 
his groundbreaking ‘General Theory 
of Relativity’, which forever changed 
our understanding of the universe, 
and ushered in the era of cosmology. 
Eddington got his hands on a copy, 
and being one of the few people in 
the world with the mathematical 
capability to understand it, 
he translated it to be easier to 
understand for the general public - 
Einstein even referred to Eddington's 
1923 book Mathematical Theory of 
Relativity as the best interpretation of 
the subject. 





| KelehielsaroyeM ete! ce 
raised a Quaker pacifist. 


Eddington didn't want to settle 
for just understanding it, he wanted 
to go and prove it. On 29 May 1919, 
Eddington was on an expedition in 
Africa, where he photographed the 
total eclipse of the Sun. The eclipse 
showed light bending due to the 
gravity of the Sun, which was the 
first piece of evidence in favour of 
the general relativity theory. 

In his later years, Eddington 
focused on his papers and lectures; 
these made him a hit with the public, 
leading to a knighthood in 1930 
and an Order of Merit in 1938. His 
already impressive list of honours 
and achievements continued, and 
still does with the new North West 
Cambridge development being 
named after him. 

Eddington sadly passed away 
due to cancer on the 22 November 
1944, at the age of 61, in Cambridge. 
His remains are still located at the 
Ascension Parish Burial Ground in 
Cambridge, but his legacy lives on. 
His work and contributions made 
him one of the greatest British 
astrophysicists to date, and he 
brought a new understanding of 
astronomy and physics to people 
who had previously found it 
confusing or inaccessible. 
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5-5 Precision and Vs alue 


Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of superb functionality, versatility and uncompromising levels of performance. The Sky-Watcher 
EXPLORER range of Parabolic Newtonian Reflectors cater superbly for astronomers of all levels. Whether your interest is 
Deep-Sky Observations, the Moon and Planets, or a combination of both, the EXPLORER range offers excellent all round 
Diffraction-Limited performance. , . 





















“Good 
for advanced 
observing’... 
‘Salum was a 
stunning sight 
BBC Sky At Night 
Magazine 





























150mm (6”) #/750 PARABOLIC 
NEWTONIAN REFLECTOR 
standard Specification | 
« Magnifications (with eyepieces supplied) 


200mm (8”) #1000 
PARABOLIC NEWTONIAN 
REFLECTOR 


Prod. Code x30, x60, x75, x150 

10923/20464 * Highest Practical Power (Potential) x300 
« Diameter of Primary Mirror 150mm 

OTA SRP £279 ¢ Telescope Focal Length 750mm (f/5) 

EQ5 SRP £279 


« Fyepieces Supplied 10mm & 25mm 
«6x30 Finderscope » Fully GO-TO Upgradeable 
«x? Deluxe Barlow Lens » Parabolic Primary Mirror 
«0.5mm Ultra-Thin Secondary Mirror Supports ; 

* £03-2 Equatorial Mount with Aluminium Tripod «= »  ProdCode 
«33% more Light Gathering than vaste . ~*~ 10912/20448 


Standard Specification 
 Magnifications (with eyepieces supplied) 
¥40, x80, x100, x200 
« Highest Practical Power (Potential) x400 
« Diameter of Primary Mirror 200mm 
« Telescope Focal Length 1000mm (f/5) 
e Eyepieces Supplied 10mm & 25mm 
«x? Deluxe Barlow Lens »* 6x30 Finderscope 
« Parabolic Primary Mirror 
«0.5mm Ultra-Thin Secondary 
Mirror Supports * Fully GO-TO Upgradeable 
« £05 Equatorial Mount with Stainless Steel Tripod 


eer che 


e 77% nore Light Gathering than 1500 


‘\ OTA SRP £199 
\EQ3-2 SRP £199 


. OTA SRP £199 
: EQ3-2 SAP £199 

150mm (6° #1200. <—S 

PARABOLIC NEWTONIAN REFLECTOR s i ™ 


Standard Specification 

e Magnifications (with eyepieces supplied) — ; : — 
¥48, x96, x120. x240 Verdict: a rebom classic 

* Highest Practical Power (Potential) x300° 7 iat | ea papel at! 

tail , * Diameter of Primary Mirror 150mm ! eee 

a | * Telescope Focal Length 1200mm (f/8) ~ oer scanatest.com 

s) /6mm (3") f/800 * Eyepieces Supplied 10mm & 25mm i 

. MINI DOBSONIAN ex? Deluxe Barlow Lens 


an M | * 6x30 Finderscope 
@? Prod.Code 10212 
od.Cod * Parabolic Primary Mirror 


«0.5mm Ultra-Thin Secondary Mirror 












‘The Explorer-200P passed all our tests 
with flying colours and was a delight to 
use botn optically and mechanically” 

\, BBC Sky At Night Magazine (July 09 Issue) 4 












ADVANCED FEATURES Ail Sky-Watcher f/4 & f/5 
Newtonian Reflectors feature high quality Paraboloidal 
primary mirrors to eliminate spherical aberrations, 

producing sharp, contrasty images, which are full of detail. 


Supports | In addition they feature 0.5mm Ultra-Thin secondary 
go0mm (4°) 1400 al COT si nr pore 
| . : v reduce diffraction spikes 
i PARABOLIC DOBSONIAN Aluminium Tripod a” ae and light loss. All Sky- 
Prod.Code 10245 ¢ 33% more Light Gathering than Watcher reflectors are 


130mm EEE Ee Multi-Coated with Silicon 
. a Dioxide as standard for 
Optimum Durability and 

Long Term Performance. 


“| have used a great number of 

om felescopes; some are good, some 

B mediocre and some had. To me the 
meee Sk\-Watcher range of instruments 

me are very good indeed, & suited to 
amateurs of all kinds - and they are 

itt th Dn.Co.ul by ce not priced out of the market! 
Deer are Excellent value 

130mm (5 l=} {/650 Fi eee sLse them and enjoy them.” 


—_ : | Saeed cant i. a meal Sir Patrick Moore CBE FRS (1923-2012) . 


Our Products are Available from Dealers throughout the UK 
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